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ɾ 1ɼͦʜ˩ 
 
 ɭʓʐʰ.ß÷<ɄŇ[kx]ŹƝ>2ɭʓ°̜Ȗö*&#ʐʰȖö
/ʐʰĻ.Ƀķ-Ľź͉BAʐʰĻɃķEǷƝAģņ-/ȥŰ<
pHǼǳəçȬ*&#ȸɂə,;.?ɭʓʐʰ̲)<@*@BAɭʓ°
̜ȸ̀ŞƟə-ßȑBAɭʓǬ͕ģņ<ĸȃģņ˕ʄE̒(̚0BAǬ
͕ʍ<|,+÷ňȸ̀<¦Ĩßņ7)ʨ?BŌ-ļɴļǸ)A
#ʐʰĻɃķģņ->AçȬ/ʐʰ×.[Tk°̜ʓ̄-ĺƹ̿ʌ
BA*)ʐʰĻɃķ-Ɖ#ʐʰȖöE˲ɖAʐʰ×[Tk°̜ʓ
̄/ʐʰ˂<ʐʰ̀-ŇĨAĆŐ¶EʐʰĻɃķģņȖƎ÷A*)
̱ŃB[Tkßņ*Ė0BAɄ¶ȸ̀ʥ.ȖƎ÷ȖƎ÷E̬̕ə-ĺ
÷ A!(̇Ùģņ,+.ǼʲƎbrS̀.ȖƎEĺ÷ ļǸ,
ʐʰöƘEɖɀ Aɭʓʋ.ɖ̛̜ɳ<ɏƑʣƑǗ-˒éƤ,+->@
ʐʰĻɃķîə-ĺ÷A–/[Tk°̜ʋ.ȖƎ;Ľĺ÷A
#ȹŋ.ȺȐ-A[Tk°̜.ĺ÷EƳA*/Ƀķĺ÷-Ŗ
Aʐʰ.ƉʂEɂ˨A)ǵ:(̨ˠ)A 
 ʐʰ×)[Tkßņ*(·ɆAɄ¶ȸ̀/mSOdj͢ cAMPcGMPͣ
<̪ŠJO͢ Ca2+ ͣʳ ̀͢ inositol triphosphatediacylglycerol ,ͣ+Ǹ	$
);[TkbrS̀/ɴ͒ļļ.[Tk°̜ʓ̄EǷƝ(
A[TkbrS̀ǷƝAª˚ə,°̜ʓ̄*(̦÷P]U
jƱ?BA̦÷P]Uj/̦÷ʸ̦÷̥ʍ->@ǷƝ
BA[Tk°̜ʓ̄)@A̦÷̥ʍ Aǹə*,Aã.̦÷
̥ʍ BE̦÷A*)ȖƎ÷ ȖƎ÷# B?-ã.̦÷̥
ʍ CE̦÷ȖƎ÷ A*&#>-brS̀.̦÷ʸ
̦÷->ḀʍȖƎ.ĺ÷E ABC *̬̕ə-ų̃*)[TkE
°̜AɭʓǬ͕ģņ<ĸȃģņ*&#ßȑbrS̀.ļ/̦÷
P]UjEȖƎ÷Aª˚ə,ʐʰĻɃķģņ)AB?.ģņ.ĆŐ¶
/Qj.ʔċ->@ȖƎ÷ȗ[TkßņE̦÷A receptor 
tyrosine kinase͢ RTK )ͣ@̦÷P]UjEɟƷə-ȖƎ÷A͢ Katz et 
al., 2007 ͣǌ)-ɭʓ°̜ȸ̀ʀ->AæƂEĆA cAMP< Ca2+*&
#µßņ.[Tkßņ-;cAMP»Ňə-ȖƎ÷A protein kinase a< Ca2+
»Ňə-ȖƎ÷A calcium-calmodulin-dependent protein kinaseE¦(̲Ʒə
-̦÷P]UjEȖƎ÷Aʓ̄ŇĨ(@̦÷P]Uj
ļǸ,ʐʰĻçȬ.hIMb*(Ì*²A͢ Waltereit and Weller., 
2003; Enslen et al., 1996 ͣ 
ȖƎ÷#ʐʰ×[Tk°̜ʓ̄/Ǜʑə-ʐʰȖö.ĺ÷Eų̃
Č[Tk°̜ʓ̄)&(;Ǜʑə,ʐʰ˚ɀĬ/ʐʰɴ<ʐʰĻçȬ.ɴ
  2 
͒->@ɋ,Aȹ-extracellular signal-related kinase͢ ERKͣ[Tk/Ɲ̮ģ
ņ?ȰɑƎYJiPJ7)Ǹ	,ʐʰĻçȬ-Ɖʂ(ȖƎ÷A#:˚
ɀĬ3.ź͉;ļǸ)A¹0Ɲ̮ģņ)A basic fibroblast growth factor
->A extracellular signal-related kinase͢ ERK [ͣTk.ȖƎ÷/ɭʓè͗ʐʰ
.ĸȃ¿̖*˅Ŧ˟˞.ʗƯ-Ì.-Ŗbrain-derived neurotrophic factor
͢BDNF <ͣ nerve growth factor->A ERK[Tk.ȖƎ÷/ɭʓè͗ʐʰ.
ɭʓß÷E¿̖A͢Sato et al., 2010; Liu et al., 2014 ͣ7#BDNF->A ERK
[Tk.ȖƎ÷/ɭʓʐʰ.[kx]ŹƝ<ɄŇE¿̖A.-Ŗtumor 
necrosis factor-α->A ERK[Tk.ĸŷ/ɭʓʐʰȁE˲ŚA͢Almeida et 
al., 2005; Kumamaru et al., 2011; Jara et al., 2007 ͣ.>,ʐʰƉʂ.ť/[T
kȖƎ÷.ŷŰǗ̲.̝<ČǗ-ȖƎ÷A[Tk*.S]iS.
̝->@ɄA*ʨ?B(A͢Lu and Xu., 2006 ͣ.>-ʐʰ×[T
k°̜.ĺ÷;#?˚ɀĬ.ĺ÷/Ƀķ->@Ľɋ,AĉʲƎ
A#:ȹŋ.ȺȐ-A[Tkĺ÷*˚ɀĬĺ÷.ģǨ̳¾Eǒ?-
A*/̨ˠ)A 
 ɏƑ.ɐĺ̤´-Aʐʰ×[Tk°̜.ɋũEČŋA*)B0
ʐʰ×[TkEǿũ÷A*)ʐʰɐƘǀĞ)AĉʲƎAŌ–
-ʐʰ×[Tk°̜ʓ̄Eǹə*#Ȏɔ˒.Ō¹*(ɚˁɕ.ɴ
o͢ƒƎ͠ˊʽͣ.Ȏɔ˒)AidlwƱ?BA͢Samatar et 
al., 2014 ͣo/ɚˁ.ˊʍɅɄʐʰ)AoYJi̡°ņĺɋ
Ẽ*)ɄAƒƎʽɓ)@ɑ¹.ʌ 50%-( BRAF̡°ņ.ĺ
ɋ˱:?BA͢ Ascierto et al., 2012 ͣBRAF/RAS-RAF-MEK-ERKʓ̄͢ERK
[Tk°̜ʓ̄ͣEǷƝA_/]OlRk`)ABRAFĺɋĬ
o)/BRAF-ũȖƎ÷ĺɋɄA*->@ERK[Tk.Ɛ
ũə,ȖƎ÷̃@ʐʰ.ɋũĸȃE˲ŚA*ʨ?B(A.#:
ERK[Tk°̜ʓ̄EbVei*#˒é*(ĺɋĬ BRAF.̵ŏé*
*Õ- BRAF.ȗ[Tkßņ)A MEK .̵ŏé͢idlwͣ̱ɖ
Bo.Ȏɔ˒*(ǝõ)A*˱:?B(A͢ Samatar et al., 
2014 ͣ.¹/ĺɋbrS̀$),!.ȗ[Tkßņ;í˒.
bVei*,@ƁA*EŌ˭#ȱ)̨ˠ)A 
 ǩɭʓʋ-AɏƑ/!.ɖɑǗǠ->@ɭʓĺƎɏƑ*ɭʓɖ̜̾ŏ
.ͥ'-ĽãBAɭʓĺƎɏƑ/Ɲ¤ſ-ɖɑɭʓʐʰ.ʐʰȁEȹ
ƅə,ɐƘ*A.-Ŗɭʓɖ̜̾ŏ/ɭʓʋ.ɖ̜Ǡ-ɋũɄȹ
-ɭʓè͗ʐʰ?Ɲȵɭʓʐʰ3*ˆAß÷Ɲȵ̛ɳ.̾ŏ8?BA
B.ɏƑ;ǝõ,ȎɔȒǋ#,ȎɔȒ.̱ɖǟ7B(Aǣɥ
ɷ)/ɏƑ.ɐƘEʐʰz)Øɀ[Tk°̜.ɋũEČŋA
*)[Tk°̜EbVei*#ȎɔȒ.ĉʲƎEǴ˭A*Eɞə*
  3 
# 
ǣ˵ǈ)/ɭʓĺƎɏƑ*ɭʓɖ̜̾ŏ.ʐʰhEɆ(!B"B.
hʋ-Aʐʰ̾ŏ*ʐʰ×[Tk°̜ɋũ*.̳̕E˨ǧ#ʔǨ
EıēAɭʓĺƎɏƑ.ʐʰh*(HfpJɐ<rR
aɐ,+˟ǅ.ɭʓĺƎɏƑ.ɐƘ-̳A̦÷]i]->Aɭʓʐʰȁ
hEɆ(rRaɐȎɔ˒)APzX;'ɭʓÀ˺·Ɇ
E˨ǧ#̦÷]i]˽ˌǗ.ʐʰ×[Tk°̜E˨ǧ#ʔǨERK
>2 p38[Tkʐʰȁ˲Ś[Tk*(ÌPzX!B?E
ƣæA*EˡÝ#7#PzX.Ƥ/̦÷]i]ǘ͂->A
ʐʰĻTb̦.ˑɶEƣæ(@!.Pl^*(Tb̦
i]~b.ɖɀǑ̳(AĉʲƎEɪ#ʖ(ɭʓɖ̜
̾ŏ.h*(ɭʓɖ̜Ǡ-ǘ͂BA*)ɭʓɖ̜̾ŏ.ɖɑ]S
E͜:A*ɣ?B(ATWWdWJj (GC)EɭʓŬ/è͗ʐʰ-˽
ˌ#–.ź͉E˨ǧ#ɭʓŬ/è͗ʐʰ/ß÷˲Śǥ®-( ERK
>2 PI3K/Akt[Tkʓ̄.͐ː,ȖƎǑEɪB?.[Tkʓ̄
/ɭʓß÷*ɄŇ-ő(#7#GC˽ˌ/!B?.[Tk°̜
ʓ̄EƣæA*)ɭʓß÷E̾ŏA*ǒ?-,&#?-
PI3K/Akt[Tk.ȖƎ÷ģņ.1*')A Insulin-like growth factor-I (IGF-I)
EƤA*->@GC->Aɭʓß÷ƣæ·ɆȤŵA*EˡÝ
#B?.ʔǨ?ɭʓĺƎ>2ɭʓɖ̜̾ŏEƕŋ# in vitroh
-Aʐʰ̾ŏ-ʐʰ×[Tk°̜ɋũŒƷ-̳(@!.ǿũ
÷/ɏƑȎɔbVei*,@ƁAĉʲƎEɪ*)# 
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ɾ 2ɼ̦ͦ÷]i]-ŖAPzX.ɭʓÀ˺·Ɇ.˨ǧ 
 
2-1. Ƕˠ 
ɭʓĺƎɏƑ<ʹ˓˕-Aɭʓʸˏ-/̦÷]i]̳(A*
ɪĜB(A.>,ɭʓĺƎɏƑ.Ȏɔ˒*(̦÷]i]-Ŗ
À˺·ɆEɪ÷ċȸ-ȓɞ̿7&(Ajr D2ǸĆŐ¶HXl]
i)@PD.Ȏɔ˒*(Ɇ?B(APzX/PDh-
(̀͠.ɭʓʐʰE̦÷]i]?À˺A·ɆEƯ'*)ɣ?BA¨
.ʹ̤´.ɭʓʐʰ-Ŗ(;ČǸ.À˺õǨEɪ./ǒ)&#ǣɥ
ɷ-(ɮ/PzXį͕Ľʹɚ̀l.̦÷]i]
͢H2O2ͣ->AʐʰȁE͐ː-ƣæA*EˡÝ#.PzX
.·Ɇ/!.Ɇ̩>2èÜʢǗ̲.̮-Ɖ(ĸĽ7#jr
D2ĆŐ¶HbXl]i->@Ȝľ#PzX/̦÷]i]˲ɖ
é. H2O2Ƥ˲ŚA ERK>2 p38[Tk.ȖƎ÷E̵ŏ#7#
ERK[Tk>2 p38[Tk̵ŏé;PzXČǸ.ɭʓÀ˺·ɆE
ɪ#?-PzXƤſ)/H2O2->AʐʰĻTb̦ˑ
ɶE̹ĀATb̦i]~b͢EAAC1GLT-1ͣ.ɖɀǑ
#B?.ʔǨ/PzXH2O2->AʐʰĻTb̦.ˑɶ
EȤŜ ʐʰȁ[Tk.ȖƎ÷E̵ŏA*)Ľʹɚ̀lE
À˺AĉʲƎEɪĜ(A 
  
  5 
2-2. ů˵ 
 
2-2-1. ̦÷]i]*ɭʓʸˏ 
 HfpJɐ͢ADͣ<pdiɐ͢HD ͣrRaɐ͢PD ͣ
ʁˎʞƎÈʎɧ÷ɑ͢ALS ͣʹ˓˕,+ʹɏƑ.ļ/ɐƘ*(ɭʓʐʰ
.ʸˏ˦ŕBA͢Feng and Wang., 2012; Johri and Beal 2012; Hauser and 
Hastings., 2013; Barber and Shaw., 2010; Pradeep and Diya., 2012 ͣě͒.ǩɭ
ʓʋ.ØɄʲ/ǵ:(̷ŋə)@̒ũľDB#ɭʓʐʰØɄA*/
,!.#:ɭʓʐʰ.ʸˏEƣæA*ɏƑ.̖˗EƣæA)
ǵ:(̨ˠ)Aɭʓʸˏ.ÿģ/ɏƑ*-˶˳ƸĝA̎.ɏ
Ƒʥ-(Õ̒APl^*(̦÷]i].̳ɣ?B(A
͢Feng and Wang., 2012; Johri and Beal 2012; Hauser and Hastings., 2013; Barber and 
Shaw., 2010; Pradeep and Diya., 2012 ͣ¹0Ľʹɚ̀EƆ-ɭʓʸˏẼ
 ADƑʩ.ʹ)/brS̀<ʳ̀Ǯ DNAiWjH DNA>
2ʊ̬,+͜z.̦÷EĆ(A*ıēB(A͢Feng and 
Wang., 2012 ̦ͣ÷]i]/ʐʰ͜z.ȖƎ̦ʍɴ-?B#–-Ʉ
Aʐʰ×.ȖƎ̦ʍɴ/-iWjHª˷.êɅȸ*(ɄA
̒ũ-×ĨƎ.ƥ̦÷̥ʍ->@̹ĀBAiWj
H.ª˷ɋũ->AȖƎ̦ʍɴ.̛ëɄƝ<ƥ̦÷̥ʍ.ȤŜ,+->@ȖƎ
̦ʍɴ.ɄƝ*̹Ā.q]šBA*ʐʰ×-ȖƎ̦ʍɴˑɶ(̦÷
]i]EɄA͢Numakawa et al., 2011 ̦ͣ÷]i]/ʳ̦̀÷->A˂
brS̀.Ǽʲɋũ<brȘ̀÷->Aʐʰ×brS̀.Ǽʲɋũ
DNA̦÷->A DNAǷ̔.šĹ,+Eų̃Ǜʑə-/ʐʰȁE˲Ś
A*ʨ?B(A͢Feng and Wang., 2012 ͣ!)̦÷]i]Eÿģ*
AɭʓʐʰȁEƣæA˒éɏƑȎɔ˒.Ã˝*(ȓɞB(A 
 
2-2-2. ͞˧ʋjr D2ǸĆŐ¶HXl]iPzX 
 PzX/͞˧ˍ?ƨÝB#͞˧HPJj.˲Ś¶*(̱ɖ
B#͞˧ʋjr D2ǸĆŐ¶HXl]i)A͢Kvernmo et al., 
2006 ͣD2ǸĆŐ¶vG/ D2, D3, D4ĆŐ¶?,A GiĬ GbrS̀
ÕŻĬĆŐ¶vG)@ɭʓ°̜ȸ̀)Ajr->@ȖƎ÷
B!.ſHhl̦[S`EȖƎ÷ cAMP.ɅɄEµ A
͢Jackson and Westlind-Danielsson., 1994 ͣPzX/ȹ- D2ĆŐ¶-Ŗ
ͅũ-͜˥ĘƎEǝA͢D2, D3, D4ĆŐ¶-Ŗ!B"B Ki=0.7, 1.5, 9.0 
nMͣ͢ Kvernmo et al., 2006 ͣPzX/jrçȬ.ǽɄAɏƑ
.Ȏɔ˒*(¸ɆB(@PD͜xSd˕ɑýţ̛ëçȬɑÃ
ʥSe[Tɐ99ʷɑÃʥ,+-ƉɆB(A͢Baas and Schueler., 
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2001; Wang et al., 2012; Kalampokas et al., 2013; Feelders and Hofland., 2013; Scholz et 
al., 2011; Curran and Perry., 2004 ͣPzX/¨. D2ǸĆŐ¶HXl]i-
Ȉ4úȤǠ̮͢63-109Ǘ̲ͣ#:Ƥ˒͏ŰŜ,(ȣ9*äȱ
A͢Baas and Schueler., 2001; Curran and Perry., 2004 ͣ7#jrĆŐ
¶HXl]i.ê·Ɇ*(͏ʠ-AȜ÷ġ̾ŏ<ŭˤŁƕ\]Rn\
H͢ɋũ,̼Ɩ̚ö ͣ\]ilH͢ʁʙŶɋũͣ.ɖɄŜ, ͢Baas and 
Schueler., 2001 ͣ#$͞˧ʋHPJjȹǝ.ê·Ɇ*(7B-Ɔ˃
Ų˂ɑ<ʝʗɑEų̃*A#:̮Ǡ̲Ľ̩-Ǟ˒A–/ŋ
Ǡə,ƆMWǴǫƇˠ)A͢Curran and Perry., 2004 ͣ 
 
2-2-3. rRaɐh-Ajr D2ĆŐ¶HXl]i.
ɭʓÀ˺·Ɇ 
 PD/̚öæƂ-̳DÀ͠-ʝǥ¶ʋ.jr·öƎlʸˏ
A*)̚öǼʲ̾ŏEɄAɭʓĺƎɏƑ)Aˈĕȟ*-Pz
X/PDhöȸ-(jr·öƎl.ʸˏEƣæ
A*ıēB(A͢Yoshioka et al., 2002 ͣO]. ICRK]-ŖA
PzX.Ƥ͢1Ǐ 1Ģ 7Ǐ̲ʿʼ×Ƥͣ/6-hydroxydopamine͢j
r·öƎl-ą@̋7BȖƎ̦ʍɴEɅɄͣ.ʹō×Ƥ->A
̀͠-ʝǥ¶ʋ.ɭʓʸˏEƣæA͢Yoshioka et al., 2002 ͣ7# Kai-Yin Chau
?.Tx/paraquat͢ȖƎ̦ʍɴEɅɄͣ.Ƥ->Aɭʓˋʐʰʽ SH-
SY5Y.ʐʰȁPzX.ÕƤ->@ƣæBA*Eɪ#͢Chau 
et al., 2009 ͣ 
¨.jr D2ǸĆŐ¶HXl]i-(;ɭʓÀ˺ɨ˱B(
AMPTP͢1-methyl-4-phenyl-1,2,3,6-tetrahydropyridineͣ/THʐʰ-(
MPP+-ª˷B#ſjr·öƎl3̠Ʀə-ą@̋7B
iWjHĖđ̬˟ċ¶ IE̵ŏAȇȸ)@6-hydroxydopamine*ČǸ
- PDhöȸ.·Ɲ-Ɇ?BAD2ǸĆŐ¶HXl]i)AwS
xdx{Rab{RaE!B"B1Ǐ 1Ģ 20Ǐ̲
C57BL/6NK].ʿʼ×-ƤA*MPTP->AɭʓʸˏƣæBA
*ıēB(A͢Kitamura et al., 1997 ͣin vitro-(;MPP+->A
SH-SY5Y.ʐʰȁwSxdx{Ra>2b{R
a.èÜʢ->@̵ŏBA*ɪB(A͢Kitamura et al., 1998 ͣ 
 
2-2-4. ̀͠-ʝǥ¶«Ļ.ʹ̤´-Ajr D2ĆŐ¶HXl]i
.˒ɂ·Ɇ 
 B7)PzXEĐ9 D2ǸĆŐ¶HXl]i.ɭʓÀ˺·Ɇ.˨ǧ
/*(D2ĆŐ¶͜ɖɀ(À͠-ʝǥ¶.l<ɭʓǸʐ
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ʰǭ͢SH-SY5YͣEŖ˼-˗DB(#D2ĆŐ¶/ț͖<Ġɚ̀
ƠǱ¶Ľʹɚ̀,+Ǹ	,̤´-ɖɀ(A͢Jackson and Westlind-
Danielsson., 1994 ͣ.*?PzX/Ǹ	,ʹ̤´.l-
·ɆAĉʲƎA*ʨ?BA¹0Î˗ɥɷ-(1Ǐ 1Ģ14
Ǐ̲PzXEei-ɚƤA*'<ŉǸ˗ö.ȤŜ˱:?
BČǗ-ț͖.ʹɈǦɭʓǬ͕ģņ͢BDNFͣĸñA*ıēB(
A͢Chiba et al., 2010 ͣBDNF/[kx]ĉĴƎ<l.ɄŇß÷,
+-̨ˠ)@˫ƛňʧ<ƓöæƂƥ'ƥŉ·Ɇ,+-̳A
͢Numakawa et al., 2013 ͣ7#]kn^.È͎öʶ̰ĵ->Aʹ˓˕h
-(D2ĆŐ¶HXl]i)A{XjwSxd]
jḚĵ. 1Ǘ̲è-ƤA*ț͖ CA1͌ĭ-Aɭʓʸˏƣæ
B#͢O'Neill et al., 1998 ͣʹ˓˕< AD,+)͐ː,ɭʓʸˏ̃A
Ľʹɚ̀-(PzXǝõ,·ɆEɖƺA.+/ǒ)
&# 
 Ľʹɚ̀l.ʸˏ/˱ɣ̾ŏE/:Ǹ	,ʹ.͜ǾǼʲ̾ŏEų
̃PzX->AĽʹɚ̀l3.À˺·Ɇǒ?-,B
0PzX AD,+Ľʹɚ̀.ɭʓʸˏɄAɏƑ.Ȏɔ-;̟Ɖ
)AĉʲƎA!)ǣɥɷ)/į͕Ľʹɚ̀lEɆ(P
zX.·ɆE̦÷]i]?.À˺*˦ȱ?ǒ?-A*
Eɞə*# 
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2-3. Ō͙ǌȒ 
 
2-3-1. eiĽʹɚ̀l.áªį͕ 
 ǣɥɷ/öȸŌ͙ÅɂńĚ¯͢Ħɻʉɭɭʓøɔɥɷ_b ɭʓɥɷ
Ɵͣ.Ƣ˱.;*öȸŌ͙ÅɂńĚ¯.ư̫-ƀ&(˗&#Ō͙-/
Wistar rat.Ľʹɚ̀?·Ɲ#áªį͕Ľʹɚ̀lEɆ#Ja
v͢Mylan, Tokyo, Japanͣ7#/\MdMg͢Wako, Osaka, Japanͣ
EɄſ 1-2Ǐ.Wistar rat-đÒ #ſÓʹEʍǐą@ÝŌ¶͐Ƅ̭
)Ľʹɚ̀Eǜ#Ľʹɚ̀E])ʐ˛Ǌ#ſȋ.
Leibovitz's L-15 Medium͢Life Technologies, CA, USAͣ.-ɲ#1400 rpm)
1ß̲̞Ɔß̀E˗ȢE̹Ā#10 ml.rrJȩȞ͢9 units/ml.r
rJ200 units/ml. DNase IEĐF$ Phosphate Buffered Saline͢PBSͣȩȞͣ
Eñ37℃) 20ß̲Ʋɝ#1400 rpm) 1ß̲̞Ɔß̀E˗ȢE̹
#ſ10 ml. 5/5DFįĩ͢5 %.K[ʯÑ˕Ȣ͢FBS ͣ5 %.K˕Ȣ18 
units/ml.{l[>2 18 units/ml.]ixiJ[EĐF$
Dulbecco's Modified Eagle Medium* F-12. 1:1Ƞċįĩ͢DMEM/F-12ͣͣ Eñ
#u{egIT->@ʐʰEƜȭ#ſsterilizing filter͢BD Falcon, CA, 
USAͣ->@ʒʡȷEą@̹#!.ſ1400 rpm) 5ß̲̞Ɔß̀E˗&
(ȢE̹5/5DFįĩ)̟à,ʐʰŒŰ-ŧ̧#~MdJ->
@WgITE˗&# 3.5 cm hIe[͢BD Falcon ͣ24 well xi
͢BD Falcon ͣ48 well xi͢BD Falcon ͣ7#/Q]}ihIe[
͢MATSUNAMI GLASS IND.,LTD, Osaka, Japanͣ-ŒŰ 5×105 cells/cm2-,
A>-ʐʰEƽɴ#į͕ʐʰ-Đ7BATHʐʰ.ź͉E̹#:
2 µM.[bt͢Sigma-Aldrich, MO, USAͣEį͕ſ 1Ǐɞ͢DIV1ͣ-κñ
#ʐʰ/ 5% CO237℃.ǥ®) 6-7Ǐ̲į͕#ſŌ͙-Ɇ# 
 
2-3-2. ˒éÜɂ 
 PzX* AP5/ Tocris bioscience͢Bristol, UKͣ>@H2O2
SP600125KCl>2 L-Tb̦/Wako>@́Ò#7#]u{/
Abcam͢Bristol, UK ͣU0126/ Promega͢WI, USA ͣSB203580/Millipore
͢MA, USA ͣlvL\u/ Sigma-Aldrich?Òơ# 
 
2-3-3. MTT assay 
 ʐʰ.ɄŇȿEȦŋA#:-MTT assayE˗&#B/3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide͢MTTͣɄʐʰ-Ai
WjHȖƎ->@|Zˊʍ3*ª˷BA*EäɆ(A
MTT/͟ˊ)A.-Ŗ|Zˊʍ/ʏˊ)A#:ȈˊȒA
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/đÏŰ.Ȉ̉E˗*)ʐʰ.ɄŇȿEȦŋA*)A48 well
xi)į͕#ʐʰ-˒éÜɂE˗&#ſįĩEMTTįĩ͢MTTȩȞ
͢2.5 mg/ml.MTTEĐ9 PBSȩȞͣ* DMEM/F-12. 1:5Ƞċįĩͣ-ÒBǚ
5% CO237℃.ǥ®) 1.5-2.5Ǘ̲ăƉ #!.ſJaxuH
WEĐ9 SDS lysis bufferEñu{egITE˗|Zˊ
ʍEȩ˨ #ĊYxE 96 wellxi-ɲiMark Micro plate reader
͢Bio-Rad Laboratories, Inc., CA, USAͣ->@ 570 nm.đÏŰEȦŋ#Ċʥ
.đÏŰEWiʥ*.ɘßȿ)˚#;.EʐʰɄŇȿ*# 
 
2-3-4. Calcein assay 
 MTT assay->AʐʰɄŇȿ.˨ǧ-ñ(ʐʰɄŇȿE Calcein assay->
&(Ȧŋ#Calcein assay/Ʉʐʰ×.M]g`->@ Calcein-AM
Calcein-ñȊß˨BA*EäɆ(ACalcein-AM/ʐʰ˂̛̑ƎE;
'ͅ˔ÏƎ.ȸ̀)A.-ŖCalcein/ʐʰ˂̛̑ͅƎ)͟ʛˊ˔ÏEɖ
AɄʐʰ- Calcein-AMEƤA*)Calceinʐʰ×-̿ɶA#
:͟ʛˊ˔ÏEȦŋA*)ʐʰ.ɄŇȿEˮ¼)ACalcein assay/
Cell Counting Kit-F͢Dojindo, Kumamoto, JapanͣEɆ(˗&#48 wellx
i)į͕#ʐʰ-˒éÜɂE˗&#ſPBS)ͤŰȕαPBS) 50Âŧ̧
# Cell Counting Kit-F SolutionEñōȥ) 20ß̲̈́ʢ#!.ſPBS
)ǅĢȕα˔ÏŷŰ͢485/535 nmͣE 2030 ARVO X-2 Multilabel Reader
͢PerkinElmer Japan Co., Ltd., Kanagawa, Japanͣ->@Ȧŋ#Ċʥ.˔ÏŷŰ
EWiʥ*.ɘßȿ)˚#;.EɄŇȿ*# 
 
2-3-5. ÐɍǪˊ 
 l.ɄŇȿEȦŋA#:lP)AMicrotubule 
Associated Protein 2͢MAP2ͣ.ÐɍǪˊE˗&#Q]}ihIe[)į
͕#ʐʰ-˒éÜɂE˗&#ſÚ# PBS)ȕαʐʰĥŋȞ͢4%.r
|HhsjEĐ9 PBSȩȞͣEñōȥ- 20ß̲̈́ʢ#?-
PBS)Űȕα#ſweRTȞ͢10%. FBS* 0.5%. Triton-XEĐ9
PBSȩȞͣ->@30ß̲.weRTE˗&#!.ſMAP2ƥ¶
͢Sigma-Aldrich, weRTȞ->@ 500Âŧ̧ͣ- 4℃Overnight (O.N.)
ăƉ #PBS) 3ĢȕαAlexa Fluor 488 mouse IgG1ƥ¶͢Life 
Technologies, weRTȞ->@ 200Âŧ̧ͣ-ōȥ) 1Ǘ̲ăƉ #
?- PBS) 3Ģȕα#ſAxio Observer Z1 fluorescence microscope͢ZEISS, 
Germanyͣ->@Ðɍ˔ÏE˦Ȧ#Ċʥ.MAP2-‑ƎʐʰǅE˪ȦW
iʥ*.ɘßȿ)˚#;.EɄŇȿ*# 
 H~i[]-±ǮÛʞE˦ȦA#:Hoechst 33342͢Molecular Probes, 
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OR, USAͣ->AǮǪˊE˗&#˫.̛ɳ*ČǸ-ʐʰ.ĥŋ* PBS-
>AȕαE˗&#ſ5 µg/ml. Hoechst 33342͢PBS)ŧ̧ͣ-ōȥ) 15ß̲
ăƉ #!.ſPBS)ȕαAxio Observer Z1 fluorescence microscope-
>@ʐʰǮE˦Ȧ#Ċʥ.ǮÛʞǅE˪ȦWiʥ*.ɘßȿ)
˚*)ǮÛʞ.͏Ű*# 
 
2-3-6. brS̀ƨÝ*KL]bwegIT 
 brS̀.ɖɀ̩.Ȧŋ>2[Tkßņ.̦÷ǴÝ.#:KL]
bwegIT͢WBͣE˗&#3.5 cmhIe[)į͕#ʐʰ-˒é
ÜɂE˗&#ſÚ# PBS)ȕα-20℃)Àʄ#ʐʰE[]qev
G͢1% Sodium dodecyl sulfate͢SDS ͣ20 mM Tris-HCl͢pH 7.4 ͣ5 mM EDTA
͢pH 8.0 ͣ10 mM NaF2 mM Na3VO4>2 1 mM Phenylmethylsulfonyl fluoride
͢PMSFͣEĐ9ȊȩȞͣ)ȩ˨#ſ100℃) 5ß̲ȶÜɂalU[
E˗&#15000 rpm) 30ß̲̞Ɔß̀E˗ȢEĢĄ#Ȣ.b
rS̀ȮŰE BCA Protein Assay Kit͢Thermo Fisher Scientific, MA, USAͣ->
@˪ȦĊYx.brS̀ȮŰʀ,A>-[]qevG)ŧ
̧#Ȣ. 1/4̩.YxqevG͢50% glycerol0.325 M Tris-HCl
͢pH6.8 ͣ15% SDS12.5% 2-mercaptoethanol0.125 mg/ml Bromophenol blueͣE
ñØ2 100℃) 5ß̲ȶÜɂ#YxE SDS-PAGE-Ɇ# 
 ʀ̩.YxE 8 or 10%.HSHjV)́ȉȔö#ſSemi-Dry 
Transfer Cell͢Bio-RadͣEɆ(V.brS̀E polyvinylidene 
difluoride w-̇Ù#wE 5%.ʸʳʈ͢Tris Buffered 
Saline͢TBSͣ->@ŧ̧ͣ->@ 1Ǘ̲.weRTE˗ͤǾƥ¶͢1%
.ʸʳʈ->@ŧ̧ͣE 4℃O.N.)ăƉ #!.ſTBS->@ 3Ģ.
ȕαE˗2Ǿƥ¶͢1%.ʸʳʈ->@ŧ̧ͣEōȥ) 1Ǘ̲ăƉ 
#?-TBS->AȕαE 3Ģ˗ImmunoStar Reagents͢Wakoͣ->@
ɖˊE˗&#ɖˊ#w/ XʝvI͢GE Healthcare, WI, USAͣ
;/ EZ capture II/ST͢ATTO, Tokyo, Japanͣ->@ĉˣ÷#brS̀
̩E˚Ċqj.ŷŰ/ Lane & Spot Analyzer software͢ATTOͣ->@ŋ̩
#1Ǿƥ¶-/«.ƥ¶E¸Ɇ#Dopamine D2 receptorƥ¶͢Millipore, 
500Âŧ̧ ͣsynapsin Iƥ¶͢Millipore, 1000Âŧ̧ ͣpERKƥ¶͢Cell 
Signaling, MA, USA , 1000Âŧ̧ ͣERKƥ¶͢Cell Signaling, 1000Âŧ̧ ͣ
pJNKƥ¶͢Cell Signaling, 1000Âŧ̧ ͣJNKƥ¶͢Cell Signaling, 1000Âŧ
̧ ͣpp38ƥ¶͢Cell Signaling, 1000Âŧ̧ ͣp38ƥ¶͢Cell Signaling, 500Âŧ
̧ ͣNR2Aƥ¶͢Sigma Aldrich, total: 500Âŧ̧, cell surface: 200Âŧ̧ ͣ
NR2Bƥ¶͢Sigma-Aldrich, total: 500Âŧ̧, cell surface: 200Âŧ̧ ͣGluR1ƥ
¶͢Millipore, 500Âŧ̧ ͣGluR2/3ƥ¶͢Millipore, 500Âŧ̧ ͣEAAC1ƥ¶
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͢Alpha Diagnostic International, TX, USA, 1000Âŧ̧ ͣGLT-1ƥ¶͢Santa Cruz 
Biotechnology, TX, USA, 500Âŧ̧ ͣβ-Actinƥ¶͢Sigma-Aldrich, 5000Âŧ
̧ ͣ2Ǿƥ¶*(«.ƥ¶E¸Ɇ#Rabbit IgG Secondary Antibody 
Peroxidase Conjugated Properties͢Rockland Immunochemicals Inc., PA, USA ͣ
Peroxidase-AffiniPure Goat Anti-Mouse IgG͢Jackson Immunoresearch Labs Inc., PA, 
USA ͣ 
 
2-3-7. ʐʰ˂brS̀.ƨÝ 
 ʐʰ˂-ŇĨATb̦ĆŐ¶EǴÝA#:˂brS̀.ǹ˸*
Ðɍȍ̶E˗&#3.5 cmhIe[)į͕#ʐʰ-˒éEÜɂ#ſÚ
# PBS) 3ĢȕαSulfo-NHL-LC-Biotin͢Thermo Fisher ScientificPBS)ŧ
̧ͣ-ȋ) 30ß̲ăƉ #!.ſÚ# 100 mM.T[ȩȞ͢PBS
)ŧ̧ͣ) 3Ģȕα-20℃)Àʄ#ȋ)ʐʰE RIPA[]qevG
͢1% Triton X100, 20 mM Tris-HCl͢pH 7.4ͣ, 5 mM EDTA͢pH 8.0ͣ, 10 mM NaF, 
2 mM Na3VO4>2 1 mM PMSFEĐ9ȊȩȞͣ->@ȩ˨#ſȩ˨ȞE
4℃) 3Ǘ̲Ģ̇ #15000 rpm4℃) 30ß̲̞Ɔß̀#ſȢEĢ
ĄBCA Protein Assay Kit->@brS̩̀EȦŋ#ĊYx?ʀ
̩.brS̀E UltraLink Immobilized NeutrAvidin Protein Plus conjugated with 
agarose beads͢Thermo Fisher Scientificͣ-ñ4℃O.N.)ăƉ #5000 
rpm 4℃) 5ß̲̞Ɔß̀E˗ȢEą@̹#t^E 3Ģ RIPA[]
qevG)ȕα#ſ100℃) 5ß̲ȶÜɂRIPA[]qevG-br
S̀EȩÝ #!.ſYx- 1/4̩.YxqevGEñ#;.
E SDS-PAGE-Ɇ# 
 
2-3-8. ʐʰĻTb̦.Ȧŋ 
 H2O2->AʐʰĻTb̦.ǑEȦŋ#24 wellxi)į͕
#ʐʰ-˒éEÜɂ#ſKRHqevG͢130 mM NaCl, 5 mM KCl, 1.2 mM 
NaH2Po4 1.8 mM CaCl2, 10 mM TW], 1 % Bovine serum albumin>2 25 
mM HEPES͢pH 7.4ͣEĐ9ȊȩȞͣ) 3Ģȕα#!.ſKRHqevGE
ñ20ßſ-ʐʰĻȞEĢĄH2O2çȬè.Yx*#?-ǋ
 KRHqevG*Õ- 50 µM. H2O2Eñ20ßſ-ʐʰĻȞEĢĄ
H2O2çȬſ.Yx*#ĊYx.Tb̦/ High performance 
liquid chromatography͢Shimazu Co., Kyoto, Japanͣ->@Ȧŋ# 
 
2-3-9. RNAƨÝ̐̇ÙăƉReal-time PCR 
 ʐʰ×. RNA̩EȦŋ#24 wellxi)į͕#ʐʰE˒é->@Ü
ɂ#ſmirVana miRNA Isolation Kit͢Life TechnologiesͣEɆ(RNA.ƨ
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ÝE˗&#ƨÝ# RNA.ȮŰ/ Nano Drop-1000 spectrophotometer͢Thermo 
Fisher Scientificͣ->@ȦŋĊYx?ʀ̩. RNAE SuperScript VILO 
cDNA Synthesis Kit͢Life TechnologiesͣEɆ(̐̇Ù PCR͢25℃) 10ß̲
42℃) 60ß̲85℃) 5ß̲4℃)ăƉʑͣE˗&#ɄƝ# cDNA*
TaqMan Gene Expression Assays͢Life Technologiesͣ.xJEɆ(Real-
time PCR͢50℃) 2ß̲95℃) 10ß̲#ſ 95℃) 15ɰ̲60℃) 1ß̲E
40YJSͣ->A˔ÏE ABI Prism 7000͢Life Technologiesͣ->@ǴÝ
#¸Ɇ#xJ/«.̒@BDNFxJ͢Rn02531967 ͣ
Glyceraldehyde 3-phosphate dehydrogenasexJ͢GAPDH4352338E ͣ 
 
2-3-10. ʕ˪Üɂ 
4(.Tv/ŪĪÄ±ǹȨÆť)˚#ʕ˪əǝƖť.Ǵŋ-/2ʥ
̲Ȉ̉.Ĳċ T-testEļʥȈ̉.Ĳċ ANOVAǴŋ͢SPSS Japan, Tokyo, 
Japanͣ* Bonferroni-test͢ļ̨Ȉ̉ǴŋͣE˗&#PÄ 0.05«.Ĳċʕ
˪ə-ǝƖ*âǊ# 
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2-4. Ō͙ʔǨ 
 
2-4-1. H2O2ǘ͂/ɭʓʐʰȁE˲ŚA 
 ̦÷]i]EɖɄ A H2O2->AʐʰȁEɨ˱A#:į͕Ľʹɚ̀
l- 1-100 µM. H2O2EƤʐʰ.ɄŇȿEȦŋ#ɄŇȿ.Ȧ
ŋ-/ 3'.ơȒ͢MTT assayMAP2‑Ǝʐʰǅ.˪Ȧ>2 Calcein 
assayͣEɆ#B.ȦŋȒ-(;50 µM«. H2O2ǘ͂ɭʓʐ
ʰȁE˲ŚA*ß&#͢Fig. 2-1A ͣ«̶.Ō͙)/ʐʰȁ.˲Ś-
50 µM. H2O2EɆ#7#ȹ-˫̎.,̷@ɄŇȿȦŋ/MTT assay-
>@˗&# 
 
2-4-2. PzX/Ɇ̩>2èÜʢǗ̲»Ňə-ɭʓʐʰȁEƣæ
A 
 PzXĽʹɚ̀l-Ŗ(À˺·ɆEɖƺA˴4A#
:0.01-50 µM.PzXEƤ!. 24Ǘ̲ſ- H2O2ǘ͂E˗&#
PzX/ 1 µM«.ȮŰ-(Ɇ̩»Ňə-ɭʓʐʰȁEƣæ#
͢Fig. 2-1B ͣ«̶.Ō͙)/10 µM.PzXEƤ(A 
 ʖ(PzXɭʓÀ˺·ɆEɖƺA.-Ƈˠ,èÜʢǗ̲E˴4
#H2O2EƤA 0-24Ǘ̲è-PzXEèÜʢɄŇȿEȦŋ
#PzX/ 9Ǘ̲«è-ƤB#Ĳċ-.8ɭʓʐʰȁEƣæ
#͢Fig. 2-1C ͣ«̶.Ō͙)/PzXE H2O2ǘ͂. 24Ǘ̲è-Ƥ
(A 
 ?-PzX.ɭʓÀ˺·ɆEMAP2Ǫˊ->@ɨ˱#H2O2Ƥ
ʥ)/ɭʓʐʰǅ.ȤŜ*ǻȺɹ̃.̏ʞ̃(A.-ŖPzX
EèÜʢ#ʥ)/!.>,ɭʓʐʰ.ĺƎ<ʸˏƣæB#͢Fig. 2-
1D, E ͣ 
 
2-4-3. PzX/̦÷]i]->AH~i[].˲ŚEƣæA 
 ̦÷]i]->Aɭʓʐʰȁ-/nS[]*H~i[]. 2ɴ͒
APzXH~i[]Eƣæ(A.˴4A#:H~i[]
-ȹǝ.ʐʰǮ.ÛʞE˦ŕ#PzX/ H2O2->AǮÛʞ.ĸñE
ƣæ#͢Fig. 2-1F, G ͣ 
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Figure 2-1. PzX/Ľʹɚ̀lE̦÷]i]?À˺A 
͢AͣDIV 7-8.į͕Ľʹɚ̀l-Ŗ 1-100 µM. H2O2EƤ#Ƥſ 9-
12Ǘ̲ſ-ʐʰ.ɄŇȿEMTT assay͢a ͣMAP2Ǫˊ͢b ͣCalcein assay͢cͣ->@
˪Ȧ#a: n=7-16b: n=24c: n=7-14***<0.001 vs - H2O2͢one-way ANOVAͣ͢ Bͣ
DIV 6-7.į͕l-Ŗ0.01-50 µM.PzXEƤ#Ƥ? 24
Ǘ̲ſ- 50 µM. H2O2EƤ?- 9-12Ǘ̲ſ.ɄŇȿEȦŋ#Caber: Pz
Xn=5-12***<0.001 vs + H2O2 - Caber͢two-way ANOVAͣ͢ Cͣ50 µM. H2O2E
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ƤA 0-24Ǘ̲è- 10 µM.PzXEƤ#H2O2Ƥ. 9-12Ǘ̲ſ-Ʉ
Ňȿ.ȦŋE˗&#n=4-12***<0.001 vs + H2O2 - Caber͢two-way ANOVAͣ͢ Dͣ10 
µM.PzXEƤ24Ǘ̲ſ- 50 µM. H2O2EƤ#9-12Ǘ̲ſ-ʐ
ʰEĥŋMAP2ƥ¶->AÐɍǪˊE˗&#Con: Wi]Uq:50 
µm͢EͣMAP2-‑Ǝʐʰǅ.ŋ̩hbEɪ#n=12***<0.001 vs - H2O2 - Caber
͢two-way ANOVAͣ†††<0.001 vs + H2O2 - Caber͢two-way ANOVAͣ͢ FͣH2O2͢50 µMͣ
Ƥ. 24Ǘ̲è-PzX͢10 µMͣEèÜʢ#Hoechst 33342->AǮǪˊE
˗ǮÛʞE˦ŕ#]Uq: 25 µm͢GͣǮÛʞE#ʐʰǅ.ŋ̩h
bEɪ#n=15***<0.001 vs - H2O2 - Caber͢two-way ANOVAͣ†††<0.001 vs + H2O2 
- Caber͢two-way ANOVAͣ 
 
2-4-4. PzX/jr D2ĆŐ¶çȬE¦(ɭʓÀ˺·ɆE
ɖƺA 
 PzX.ɭʓÀ˺·Ɇ-Ajr D2ĆŐ¶.̳E˴4A#
:DIV 4-11.Ľʹɚ̀l-A D2ĆŐ¶.ɖɀEɨ˱#j
r D2ĆŐ¶.ɖɀ/ DIV 4-(Ǜ;µDIV 6-11)/ČɳŰ-ɖɀ
(#͢Fig. 2-2Aa ͣDIV 4-11-A[kx]̳̕brS̀ synapsin I.
ɖɀǑE~\gIwWi*(ɪ#͢Fig. 2-2Ab ͣ?-jr
 D2ĆŐ¶HbXl]i)A]u{EɆ(̵ŏŌ͙E˗&#]
u{͢10 µMͣEPzXƤ. 20ßè-èÜʢA*PzX
->Aʐʰȁƣæ̵ŏB#͢Fig. 2-2B ͣ 
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Figure 2-2. PzX.ɭʓÀ˺·Ɇ-Ajr D2ĆŐ¶.̳ 
͢Aͣa: DIV 4-11.į͕Ľʹɚ̀l-Ajr D2ĆŐ¶.ɖɀ̩E
WB->@˴4#n=4*<0.05 vs DIV 4͢one-way ANOVA ͣb: DIV»Ňə,[kx]
Ɲȵ.~\gIwWi*( synapsin I͢[kx]̳̕brS̀ͣ.ɖɀEɪ
#n=5**<0.01 vs DIV 4***<0.001 vs DIV 4͢one-way ANOVAͣ͢ BͣPzX
.Ƥ 20ßè-]u{EƤ#n=6-12***<0.001 vs - H2O2 - Caber - 
Spiperone†††<0.001 vs + H2O2 - Caber - Spiperone͢three-way ANOVAͣ 
 
2-4-5. PzX.Ƥ/Ľʹɚ̀l. BDNFɖɀ-ź͉
, 
Î˗ɥɷ-(PzX.Ƥei.ț͖. BDNFɖɀEĸñ
 A*EıēB(A͢Chiba et al., 2010 ͣBDNF/ɭʓÀ˺·ɆEƯ'
*ɣ?B(A.)PzX.Ƥį͕Ľʹɚ̀l. BDNF
ɖɀEĸñ AǴ˭E˗&#BDNF/ɭʓȖö.ȖƎ÷-±ɖɀǑ
A*ɣ?B(A#:~\gIwWi*( KCl->Aʸß
ǵçȬE#!.ʔǨKCl.Ƥ/ BDNF.ɖɀEǑ (A.-
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ŖPzX.Ƥſ 324Ǘ̲-(BDNF.ɖɀ-ĺ÷/˱:?
B,&#͢Fig. 2-3 ͣ 
 
 
Figure 2-3. PzX/Ľʹɚ̀l. BDNFɖɀ-ź͉, 
PzX͢10 µMͣE 3;/ 24Ǘ̲Üʢ#7#~\gIwWi*
( KCl͢50 mMͣ. 3Ǘ̲ǘ͂E˗&#Real-time PCR->@ BDNF mRNAEȦŋ
ŋ̩-/ GAPDH.ɖɀ̩)ǹȨ÷#n=6***<0.001 vs con͢two-way 
ANOVAͣ 
 
2-4-6. H2O2ǘ͂/ ERKp38[TkEȖƎ÷ ʐʰȁE˲ŚA 
 ̦÷]i]->AH~i[].˲Ś-/Mitogen-activated Protein Kinase
͢MAPKͣ[Tk.ȖƎ÷̳(APzX̦÷]i]->
AH~i[]Eƣæ#*?H2O2->A 3'.MAPK[Tk
Extracellular Signal-regulated Kinase͢ERKͣ[Tkʓ̄c-jun N-terminal kinase
͢JNKͣ[Tkʓ̄>2 p38 MAPK͢p38ͣ[Tkʓ̄.ȖƎ÷͢
̦÷ͣE˨ǧ#H2O2.ƤͤǗ̲ſERK 1/2-(/ǝƖ,ȖƎǑ
˦ŕB3Ǘ̲ſ;͜ȖƎʗƯB(#͢Fig. 2-4A ͣp38/ H2O2ǘ͂
ſ5ß)ȖƎ÷30ßſ-(Ǜ;͜ȖƎEɪ#͢Fig. 2-4A ͣǌ
JNK 1/2/ǝƖ,ȖƎǑEɪ,&#͢Fig. 2-4A ͣ 
 ʖ(Ċ[Tkʓ̄-ŖAȹɋə,̵ŏéEɆ(H2O2->Aʐʰ
ȁ˲Ś3.̳EǴ˭#ERK 1/2.ȗRk`͢MAPKKͣ.Rk`Ȗ
ƎE̵ŏA U0126/Ɇ̩»Ňə- H2O2->AɭʓʐʰȁEƣæ#͢Fig. 
2-4Ba ͣ10 µM. U0126/ ERK[Tk.̦÷E56ŊÓ-ƣæA*
Eɨ:#͢Fig. 2-4Bb ͣp38.Rk`ȖƎE̵ŏA SB203580/Ɇ̩»
Ňə-ɭʓʐʰȁEƣæ#͢Fig. 2-4Bc ͣǌJNK 1/2.Rk`ȖƎE̵
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ŏA SP600125->AɭʓÀ˺·Ɇ/̷ŋə$&#͢Fig. 2-4Bd ͣ 
 
 
Figure 2-4. H2O2->AMAPK[Tk.ȖƎ÷*ʐʰȁ.˲Ś 
͢Aͣa:į͕Ľʹɚ̀l- H2O2͢50 µMͣEƤ#Ƥſ 53060180
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ß-A̦÷ ERK 1/2͢pERK 1/2 ͣ̦÷ JNK 1/2͢pJNK 1/2 ͣ̦÷ p38
͢pp38ͣ.ŇĨ̩EWB->@Ȧŋ#!.ſw.]ieuTE˗
ERKJNKp38ƥ¶EweiɞəbrS̀.Ó̩EǴÝ#b: pERK 
1/2pJNK 1/2pp38.ŋ̩hbETv-ɪ#n=4***<0.001**<0.01*<0.05 
vs 0 min͢one-way ANOVAͣ͢ Bͣa: 0.1-10 µM. U0126͢ERK[Tk̵ŏéͣEƤ
20ßſ- H2O2ǘ͂E˗&#9-12Ǘ̲ſ-MTT assayE˗ʐʰ.ɄŇȿEȦ
ŋ#n=4***<0.001**<0.01 vs + H2O2 - U0126͢two-way ANOVAͣb: 10 µM.
U0126E H2O2ǘ͂. 20ßè-Ƥǘ͂ſ 1Ǘ̲-A ERK.̦÷EWB)
ǴÝ#U0126Ƥʥ-AqjEɨ˱A#:Figure 2-4Aa>@̮͂ÏE˗
&(A!.ſw.]ieuTE˗ERKƥ¶EweiWB
->@Ȧŋ#c: 0.1-10 µM. SB203580͢p38[Tk̵ŏéͣE H2O2ǘ͂. 20ß
è-ƤʐʰɄŇȿ3.ź͉E˴4#n=8***<0.001 vs + H2O2 - SB203580͢two-
way ANOVAͣd: 5 µM. SP600125͢JNK[Tk̵ŏéͣE 20ßè-Üʢ#ſ
H2O2EƤ#9-12Ǘ̲ſ-ʐʰ.ɄŇȿEȦŋ#n=6***<0.001 vs - H2O2 - 
SP600125††<0.01 vs + H2O2 - SP600125͢two-way ANOVAͣ 
 
2-4-7. PzX/ H2O2ǘ͂->A ERK 1/2p38.ȖƎ÷E̵ŏA 
 PzXH2O2->A ERK 1/2 < p38 .ȖƎ÷-Aź͉E˨ǧ
#PzX.èÜʢ/H2O2->A ERK 1/2>2 p38.ȖƎ÷EǝƖ
-ƣæ#͢Fig. 2-5AB ͣPzX->A ERK 1/2.ƣæ·Ɇ* p38.ƣ
æ·Ɇ.+%?>@ɭʓÀ˺-ő(AǴ˭A#:PzX*
Ċ[Tk̵ŏé.ÕƤŌ͙E˗&#PzX* U0126 .ÕƤ/
U0126.üȻƤ-Ȉ4ɠñ·ɆEɪ,&#͢Fig. 2-5C ͣǌPzX
* SB203580.ÕƤ/ɠñ·ɆEɪ#͢Fig. 2-5D ͣ.*? ERK 
1/2.ƣæ·Ɇ>@ɭʓÀ˺-ő(A*ʨ?BA 
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Figure 2-5. PzX ERK 1/2>2 p38.ȖƎ÷-Aź͉ 
͢Aͣ͢ BͣPzX͢10 µMͣ.Ƥ 24Ǘ̲ſ-H2O2EƤ#ERK 1/2.
̦÷E H2O2Ƥ. 60ßſ-p38.̦÷E H2O2Ƥ. 30ßſ-˨ǧ#!
.ſw.]ieuTE˗ERK>2 p38ƥ¶Eweii
bvNEǴÝ#pERK 1/2: n=7pp38: n=5***<0.001**<0.01 vs - H2O2 - 
caber†††<0.001††<0.01 vs + H2O2 - caber͢two-way ANOVAͣ͢ Cͣ͢ DͣH2O2ǘ͂. 24
Ǘ̲è-PzXE20ßè- U0126;/ SB203580EèÜʢ#H2O2- 9-
12Ǘ̲ǘ͂#ſʐʰ.ɄŇȿEȦŋ#U0126: n=9-12***<0.001 vs + H2O2 - 
caber - U0126͢three-way ANOVA ͣSB203580: n=9-12***<0.001 vs + H2O2 - caber - 
SB203580͢three-way ANOVAͣ 
 
2-4-8. H2O2ǘ͂/Ľʹɚ̀l.ˈĿȇƎEų̃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 Tb̦/l̲.Ɠı°̜-Ƈ͋,ˈĿƎɭʓ°̜ȸ̀$ʐ
ʰĻ-̛ë̩ŇĨA*ʐʰĻ Ca2+.̛ëȗÒE˲ɖɭʓʐʰȁEų̃
͢Choi., 1995 ̦ͣ÷]i]/Tb̦.ʐʰĻˑɶEų̃
ʐʰ×[Tk.ȖƎ÷<ʐʰȁE˲ŚA*ɪĜB(A͢Mailly et al., 
1999; Lee et al., 2004 ͣ!)H2O2ǘ͂-AˈĿȇƎ.̳EǴ˭#7
͜ȮŰ.Tb̦Ƥ/Ɇ̩»Ňə-ɭʓʐʰȁE˲ŚA*Eɨ
˱#͢ Fig. 2-6A ͣ7#NMDAĬTb̦ĆŐ¶.̵ŏé)A AP5/
H2O2ǘ͂->AɭʓʐʰȁEƣæ#͢ Fig. 2-6B ͣ́ ´»ŇƎ Ca2+dn.̵
ŏé)AlvL\u;H2O2ǘ͂->Aʐʰȁ.˲ŚE̵ŏ#͢ Fig. 2-6C ͣ 
 
 
Figure 2-6. ̦÷]i]->ATb̦ȇƎ.˲Ś 
͢AͣDIV7-8.Ľʹɚ̀l- 10-500 µM.Tb̦EƤ#24Ǘ̲ſ
-MTT assayE˗ʐʰ.ɄŇȿEȦŋ#n=8***<0.001 vs - glutamate͢one-way 
ANOVAͣ͢ Bͣ͢ CͣAP5͢10 uMNMDAĬTb̦ĆŐ¶̵ŏéͣ7#/lvL\
u͢10 µM́´»ŇƎ Ca2+dn̵ŏéͣ.Ƥ 20ßſ- H2O2EƤ#9-12
Ǘ̲ſʐʰ.ɄŇȿEȦŋ#AP5: n=6-12***<0.001 vs - H2O2 - AP5†††<0.001 vs 
+ H2O2 - AP5͢two-way ANOVA ͣlvL\u: n=6-12***<0.001 vs - H2O2 - 
Nifedipine†††<0.001 vs + H2O2 - Nifedipine͢two-way ANOVAͣ 
 
2-4-9. PzX/Tb̦ĆŐ¶.ɖɀ-ź͉,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 Ǿ-PzX H2O2->A̛ˈĿȇƎ.˲ŚEƣæAĉʲƎEǴ˭
#Tb̦ĆŐ¶.ɖɀȤŜ/ˈĿȇƎ-ŖƧƥƎEA*
ıēB(A͢Lee et al., 2004; Resink et al., 1995 ͣ!)PzXT
b̦ĆŐ¶.ɖɀ-ź͉EAǴ˭#PzX/AMPAĬ
Tb̦ĆŐ¶Ywlei)A GluR1GluR2/3NMDAĬTb
̦ĆŐ¶Ywlei)A NR2ANR2B!(x[kx]P)
A[kx[ 1.ɖɀ̩-ź͉E,&#͢Fig. 2-7A ͣ?-ʐʰ˂-
ŞĨATb̦ĆŐ¶.ɖɀ̩-ɢɞ#*CNR2A-(.8
Ë,ȤŜ˱:?B#NR2BGluR1GluR2/3)/ź͉8?B,&#
͢Fig. 2-7B ͣ 
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Figure 2-7. PzX/Tb̦ĆŐ¶.ɖɀ-ź͉, 
͢AͣDIV6-7.Ľʹɚ̀l-PzXE 24Ǘ̲ÜʢTb̦ĆŐ
¶Ywlei͢GluR1GluR2/3NR2ANR2Bͣ>2x[kx]P
͢synapsin1ͣ.ɖɀ̩EWB)Ȧŋ#All protein: n=8͢t-testͣ͢ BͣPzXE
24Ǘ̲Üʢʐʰ˂.Tb̦ĆŐ¶Ywlei͢GluR1GluR2/3
NR2ANR2Bͣ.ŇĨ̩EWB)Ȧŋ#NR2A: n=9*<0.05 vs con͢t-test ͣNR2B: 
n=6͢t-test ͣGluR1: n=8͢t-test ͣGluR2/3: n=8͢t-testͣ 
 
2-4-10. PzX/ H2O2ǘ͂ų̃ʐʰĻTb̦.ˑɶ
E̵ŏA 
 ʖ(PzX̦÷]i]->AʐʰĻTb̦.ȮŰǑ-
ź͉AǴ˭#controlʥ)/H2O2.ǘ͂->@Tb̦.Ǒ
8?BA.-ŖPzXE 24Ǘ̲Üʢ#ʥ)/H2O2->ATb
̦.ǑǝƖ-ƣæB#͢Fig. 2-8A ͣ 
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Figure 2-8. PzX/ H2O2->AʐʰĻTb̦.ȮŰǑEƣæA 
͢AͣDIV6-7.Ľʹɚ̀l-PzXEÜʢ#24Ǘ̲ſ-įĩE
KRHqevG-£ƹ20ßſ-qevGEĢĄ( base.Yx*#!.ſ
H2O2EĐ9 KRHqevGEñ20ßſ-ĢĄH2O2ǘ͂ſ.Yx*#Y
x.Tb̦̩E HPLC->@˪Ȧ#n=12***<0.001͢two-way 
ANOVAͣ͢ BͣPzXƤſ 24Ǘ̲Ǘȱ-ATb̦i]~b
͢EAAC1GLT-1ͣ.ɖɀ̩EWB)˪Ȧ#EAAC1: n=6**<0.01͢t-test ͣGLT-1: 
n=5**<0.01͢t-testͣ 
 
2-4-11. PzX/Tb̦i]~b.ɖɀEǑ 
A 
 ʐʰĻ.Tb̦ȮŰE̟à-À'-/l>2THʐʰ-
ɖɀ(ATb̦i]~bTb̦Eʐʰ×-Øą@
̋8A[]g̨ˠ)APzX->ATb̦i]~
b.ɖɀ3.ź͉E˴4#*CPzXE 24Ǘ̲Üʢ#ʥ)/
Tb̦i]~b.ɖɀǝƖ-Ǒ(#͢Fig. 2-8B ͣ 
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2-5. ʨŕ 
 
2-5-1. PzX.ɭʓÀ˺·Ɇ*jr D2ĆŐ¶ 
 PzXEĐ9͞˧ʋjr D2ǸĆŐ¶HXl]i/ȖƎ̦ʍɴ
EɟƷ̢ÍA\P]Pz\*(·ɆA*ɣ?B(A
͢Yoshioka et al., 2002; Miglio et al., 2004; Lombardi et al., 2002 ͣD2ĆŐ¶çȬ
*\P]Pz\·Ɇ.+%?PzX.ɭʓÀ˺·Ɇ-̨ˠ
,.-̳(/˹˵DB(@ˇ#ˡ˨/Ɓ?B(,¹
0SH-SY5YEɆ# in vitro.ʋ)/̦÷]i]-ŖAPzX.
À˺·ɆD2ĆŐ¶HbXl]i͢p{jͣ-̵ŏB,*ı
ēB(A͢Lombardi et al., 2002 ͣǌICRK]-PzXEʿʼ×
Ƥ#–̀͠*ʝǥ¶)8?BAɭʓÀ˺·Ɇ/p{j->@̵ŏ
B#͢Yoshioka et al., 2002 ͣǣɥɷ)ɮ/̦÷]i]->AĽʹɚ̀l
.ʐʰȁEPzXƣæA*EˡÝ#PzX->A
ɭʓÀ˺·Ɇ/ D2ĆŐ¶HbXl]i)A]u{->@ŊÓ-̵ŏ
B#*?Ľʹɚ̀l-AɭʓÀ˺·Ɇ-/D2ĆŐ¶.Ȗ
Ǝ÷Ƈˠ)A*ƍDBA͢Fig. 2-2B ͣ7#\P]Pz\õǨ
/̒ũƤſɟ%-õǨEɖƺA*B(A¥ĢPzXɭ
ʓÀ˺·ɆEɖƺA.-/9Ǘ̲«.èÜʢƇˠ)&#.ʔǨ
/\P]Pz\«Ļ.õǨPzX->AɭʓÀ˺-ő
(A*EɪĜ(A͢Fig. 2-1C ͣǣɥɷ-(PzX->A
ɭʓÀ˺·Ɇ.ǋ#,Pl^*(ɪĜB#̛ˈĿȇƎ.ƣæ·Ɇ/̦
÷]i]ǘ͂->@ʐʰĻTb̦.ˑɶEɄATb̦·öƎl
-(.8ɄAɀ˼)A.#:Tb̦·öƎl
.˻œ,Ľʹɚ̀l-AÀ˺·Ɇ*jrl<
GABA·öƎl˻œ,̀͠-ʝǥ¶ʋ-AÀ˺·Ɇ/ɋ,AǼů
->A;.)AĉʲƎ͜.>- D2ĆŐ¶HXl]i.ɭʓÀ˺.
Pl^/Ċʐʰɴ. D2ĆŐ¶3.»ŇƎ<ȹƎ->@ɋ,A;.*ʨ
?BA 
 
2-5-2. PzX* BDNF 
 Î˗ɥɷ-(PzX.̮ǠƤ->@ei.ț͖-A
BDNF̩ĸñA*ıēB(A͢Chiba et al., 2010 ͣBDNF/ɭʓÀ
˺·ɆE;'*)ɣ?B(A#:¥Ģ. in vitroʋ-(; BDNFɖɀ
3.ź͉E˨ǧ#PzX.Ƥ 3>2 24Ǘ̲ſ. BDNF̩EȦ
ŋ#ǝƖ,Ǒ/8?B,&#͢Fig. 2-3 ͣǣɥɷ) BDNF.ĸñ8
?B,&#ɂɈ*(ɭʓʐʰɴ<ƤǗ̲Ō͙ʋ͢öÁ¶z
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>2ßǄʐʰʋͣ.̝,+ʨ?BAȹ-Ʉ¶-(˒éE̮Ǡ̲Ƥ
A*neiSz).̟Ɖ̃@Ǿə,·ɆEɄ9ĉʲƎ
AÁ¶z).̮Ǡə,PzXƤ->A BDNFz.Ǒ;
!#Ǿə,·Ɇ. 1')AĉʲƎʨ?BA 
 
2-5-3. ̦÷]i]*MAPKP]Uj.ȖƎ÷ 
 MAPKP]Uj/*(ERKJNK>2 p38ʓ̄. 3ʓ̄->@Ƿ
ƝBAǸ	,ʐʰĻçȬ->&(ȖƎ÷Bİ̀._/]OlȂ
İE̦÷ʐʰ.ɄŇ<ȁEĐ9Ǹ	,Ǽʲ-̳(A͢Johnson and 
Lapadat., 2002; Irving and Bamford., 2002 ̦ͣ÷]i]->AMAPKP]U
j.ȖƎ÷/H~i[]E˲ŚA*BAB.ʓ̄E¦(H~
i[]E˲ŚA/ʐʰɴ->@ɋ,AĽʹɚ̀l3. H2O2
.ǘ͂/ERK>2 p38[TkEȖƎ÷ Aǌ)JNK[Tk/
ǝƖ,ȖƎǑEɪ,&#͢Fig. 2-4A ͣùß̩. ERK[Tk̵ŏé
͢U0126ͣ* p38[Tk̵ŏé͢SB203580ͣH2O2ǘ͂-Ŗ͜ɭʓÀ
˺·ɆEɪ#.-ŖJNK[Tk̵ŏé͢SP600125ͣ->AÀ˺·Ɇ/
̷ŋə)&#͢Fig. 2-4B ͣį͕Ľʹɚ̀lEɆ#Î˗ɥɷ-
(;H2O2 JNKE̦÷ A-/ 1 mMɳŰ.ȮŰƇˠ)@100 
µM)/̦÷8?B,&#*ıēB(A͢Crossthwaite et al., 
2002 ͣ¥ĢɮɆ# 50 µM. H2O2/ JNK[TkEȖƎ÷A-/ù
ß)&#*ʨ?BA 
 
2-5-4. PzX*MAPK[Tk 
 PzX/ H2O2->A ERK>2 p38[Tk.ȖƎ÷Eƣæ#
͢Fig. 2-5AB ͣ?- ERK[Tk̵ŏ* p38[Tk̵ŏ.+%?>@
ɭʓÀ˺·Ɇ-ő(A˴4A#:ÕƤŌ͙E˗&#; ERK*
p38[Tk!B"BȻɻ#ʓ̄)ʐʰȁE˲Ś(A*B0ERK*
p38.ĂǌE̵ŏAPzX/ U0126>2 SB203580!B"B*ɠñə
,õǨEɪ/)APzX* U0126.ÕƤ/ɠñ·Ɇ
Eɪ,&#*CPzX* SB203580.ÕƤ/ɠñə)&
#͢Fig. 2-5CD ͣ.*/p38[Tk->Aʐʰȁ˲Ś.ʓ̄ ERK
[Tk*̨˟7#/ɠ·Ɇ(AĉʲƎEɪ7#PzX
ERK[Tk.̵ŏ->@À˺·ɆEɪ*EɪĜ(A 
 
2-5-5. ̦÷]i]*ˈĿȇƎ 
 Ľʹɚ̀l/-Tb̦·öƎl->@ǷƝB(
A͢Kaneko and Fujiyama., 2002 ͣTb̦·öƎl-̦÷]i
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]A*Tb̦.ʐʰĻˑɶ̃@l.̛ëˈĿ̃
A͢Mailly et al., 1999; Lee et al., 2004 ͣ.>,l.̛ˈĿ/ʐ
ʰĻ Ca2+.̛ëȗÒ-',@iWjH.ǼʲÓ<×ĨƎƥ̦÷ȸ̀
.ȤŜ->AȖƎ̦ʍɴ.ɅɄEų̃͢Stanciu et al., 2000; Schinder et al., 
1996 ͣ.>-̦÷]i]*̛ˈĿȇƎ/ŒƷ,̳¾-@Ō–̦÷
]i]ɐƘ-̳(A*BAʹɏƑ͢ADHDALSʹ˓˕ etc.ͣ
)/̛ˈĿȇƎ.̳;ɣ?B(A͢Feng and Wang., 2012; Johri and Beal 2012; 
Barber and Shaw., 2010; Pradeep and Diya., 2012 ͣ7#H2O2->A ERK[Tk
.ȖƎ÷-/ʐʰĻ Ca2+.ŇĨƇˠ)A*ɪB(@H2O2-
>A̛ˈĿMAPKP]Uj.ȖƎ÷-ő(A*ɪĜBA
͢Samanta et al., 1998 ̛ͣˈĿ-±ʐʰĻ Ca2+ȗÒ/NMDAĬTb̦
ĆŐ¶>2́´»ŇƎ Ca2+dnE¦(̃A#:!B"B.̵ŏé
H2O2->AʐʰȁEƣæA*Eɨ:#͢Fig. 2-6BC ͣ 
 
2-5-6. PzX*Tb̦i]~b 
 PzX/ H2O2ǘ͂->AʐʰĻTb̦.ˑɶEƣæ#͢Fig. 
2-8A ͣ7#ʐʰĻTb̦.Øą@̋8EƩTb̦i]~
b͢EAAC1GLT-1ͣ.ɖɀPzX->@ǑA*EˡÝ#
͢Fig. 2-8B ͣEAAC1/l-GLT-1/H]iYJi-͜ɖɀ8
?BATb̦i]~b)A͢Guillet et al., 2002; Himi et al., 
2003 ͣǣɥɷ)/̡°ņ.ùß,oeScKE˗*),&#
#:EAAC1/GLT-1.ɖɀǑ*ʐʰĻTb̦ȮŰµ.ɟƷə,ģǨ
̳¾EǴ˭A*/),&#Î˗ɥɷ-( EAAC1/GLT-1*̛ˈ
ĿȇƎ.̳¾!B"BıēB(AHd_]OXmSOdj.ʹ
ō×Ƥ->A EAAC1.oeScK/l.̛ˈĿ->A(FF
ɖ·Ẽ*ıēB(A͢Rothstein et al., 1996 ͣČǸ- GLT-1.o
eScK/̛ˈĿȇƎ->Aɭʓʐʰȁ*̚ö̾ŏEų̃͢Rothstein 
et al., 1996 ͣ.>-Tb̦i]~b.ɖɀ̩*ʐʰĻT
b̦ȮŰ/ŒƷ-̳̕(@ǣɥɷ)ˡÝB#Tb̦i]
~b.ɖɀǑʐʰĻTb̦ˑɶ.ƣæ-ő(AĉʲƎ
A¥Ģ.Ō͙ʋ)/[bt.Ƥ->@H]iYJi.ź͉E̹Ļ
(A#:Ľʹɚ̀l-ɖɀ(A EAAC1* GLT-1.ɖɀ
Ǒ(A*ʨ?BAŌ–.ʹ)/H]iYJi-ɖɀ(A GLT-1
;Tb̦.Øą@̋8-Ľő(A͢Rothstein et al., 1996 ͣH]
iYJi; D2ĆŐ¶Eɖɀ(A#:PzXH]iYJi.
GLT-1.ɖɀEǑ A?,AǴ˭Ƈˠ*ƍDBA͢Khan et al., 
2001 ͣ 
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ǣɥɷ->@á:(D2ĆŐ¶.çȬTb̦i]~b.
ɖɀEæƂAĉʲƎɪB#Î˗ɥɷ)/EAAC1* GLT-1.ɖɀ
(FFɖ·<µ̦ʍµTW]˽ˌ͢OGDͣſ-ǑA*ıēB
(A͢Crino et al., 2002; Romera et al., 2004; Ji et al., 2013 ͣOGD->A GLT-1
.ɖɀǑ/mTOR/Akt/NF	Bʓ̄.ȖƎ÷-»ŇA͢Ji et al., 2013 ͣ7
#EAAC1.ɖɀǑ/OGDſ. TNF-ɖɀ.Ǒ-»ŇA*ıē
B(A͢Romera et al., 2004 ͣTNF-.ª˚ə,ȗ[Tkßņ- NFκB
A*?.̇Ùģņ EAAC1* GLT-1.ɖɀEæƂAÕ̒ģņ)
AĉʲƎA7#D2ĆŐ¶.ȖƎ÷/
Ca2+/calmodulin/calcineurin/NFκBʓ̄EȖƎ÷A*?NFκBPzX
->ATb̦i]~b.ɖɀǑ-̳(AĉʲƎʨ
?BA͢Takeuchi et al., 2004 ͣ¥ſPzX->ATb̦i
]~b.ɖɀæƂ.ßņPl^E?-˨ǧA*)Tb̦
i]~bEbVei*#˒é.̱ɖ-ő)A;B, 
 
2-5-7. ̦÷]i].ȗʓ̄EbVei*# ADȎɔ.ĉʲƎ 
 Ǜſ-ǣŌ͙ʋ-(̦÷]i]-ŖɭʓÀ˺·ɆEɪ#˒é.
˄ŮƉɆ.ĉʲƎ-'(ȹ-Ľʹɚ̀-AɭʓĺƎ͐ː, AD-ɢɞ
ʨŕA 
 
2-5-7-1. ERK[Tk 
ǣɥɷ.̦÷]i]ǘ͂h*ČǸ-AD.ʐʰhöȸh
Ƒʩʹ-(;ERK[Tk.ȖƎ÷ıēB(A͢Perry et al., 1999; 
Gan et al., 2014; Feld et al., 2014 ͣERK[Tk̵ŏé.Ƥ/AD.ʐʰh
-AiWjH̾ŏEǀĞ7#ADhöȸ.˫ƛ̾ŏEǀ
ĞA*?AD.ȎɔõǨǠŽ)A͢Gan et al., 2014; Feld et al., 
2014 ͣɀĨ˱ĉB(A ERK[Tk̵ŏé.˄Ů˒*(/o
.Ȏɔ˒)AidlwA͢Samatar et al., 2014 ͣidl
w/ʹ-˕Ȟ̳̯͢BBBͣ.̛̑Ǝˉ,#:ɭʓƎɏƑ-˄ŮƉɆA
-/BBB̛̑Ǝˉŀ,ǋ#,˒é.̱ɖƇˠ)A7#ERK[Tk
/Ʉɂəǥ®)˫ƛňʧ,+-̳A[Tkʓ̄)A#:˄Ů-
ɆA–/ǩɭʓʋ).ê·Ɇ-ùßɊƖAƇˠA*ƍDBA͢Peng 
et al., 2010 ͣ 
 
2-5-7-2. p38[Tk 
p38[Tk;ADhöȸ-(ȖƎ¢̖ıēB(@!.̵
ŏé.ƤADhöȸ.[kx]̾ŏ*˫ƛ̾ŏEǀĞA*ıē
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B(A͢Munoz et al., 2007 ͣp38[Tk/˅ŦÐɍɏƑ.ȎɔbVe
i*(̵ŏé.̱ɖȎ͙˗DB(#ʫȇƎ,+̨ʇ,ê·ɆÝ
ɀ##:B7).*C˄Ů˒*(˱ĉB#;./ŇĨ,
͢Yasuda et al., 2011 ͣɀĨ½ŏĆŐƎɎɒ<ɭʓ̾ŏƎɎɒ.Ȏɔ˒Ã˝*
(ǋ#- SB681323* SCIO-469.Ȏ͙˗DB(@ɭʓƎɏƑ3.˄
ŮƉɆǠŽB(A͢Yasuda et al., 2011 ͣ 
 
2-5-7-3. NMDAĬTb̦ĆŐ¶ 
NMDAĬTb̦ĆŐ¶͢NMDAR̵ͣŏé)Ad/AD.
Ȏɔ˒*(˱ĉB(A͢Anand et al., 2017 ͣAD.ʐʰ>2öȸh
-(d.Ƥ->A̛ˈĿȇƎ.ƣæ·Ɇ*ňʧ̾ŏ.ǀĞõǨ
ıēB(AADƑʩ-Ƥ#Ĳċ;̨ʇ,ê·Ɇ/,ADƑʩ.
˱ɣǼʲµEƣæAõǨ˱:?B(A#$ADɐƘ.̖˗ƣæE
˜©AƝʟ/Ɓ?B(, 
 
2-5-7-4. ́´»ŇƎ Ca2+dn 
́´»ŇƎ Ca2+dn͢VDCC̵ͣŏé/͜˕ħɑ.Ȏɔ˒*(Ǹ	
,ɴ͒.˒é˱ĉB(AɀĨVDCC̵ŏé)AJ]\u-'
(PD-ŖAǝõƎE˴4AȎ͙˗DB(A͢Biglan et.al., 2017 ͣB
/͜˕ħȎɔ.#:- VDCC̵ŏéEǞ˒(A¤. PDɖɑ]Sµ
*ɍň˴ǫ<VDCC̵ŏé PDhöȸ.ɭʓĺƎEƣæAõǨ
˱:?B#*EǯƬ-(A͢Surmeier et al., 2017 ͣAD-'(; VDCC
̵ŏé->Aɖɑ]S.ȤŜıēB(@AD3.̟ƉƭĽǠŽB
A͢Anekonda and Quinn., 2011 ͣ 
 
2-5-7-5. jr D2ĆŐ¶ 
ǣɥɷ->@Ľʹɚ̀ɭʓʐʰ-ŖA D2ĆŐ¶·ö˒.À˺·Ɇǒ?
*,&#ů˵)̎4#>-D2ĆŐ¶·ö˒/PD,+Ǹ	,ɭʓƎɏ
Ƒ.Ȏɔ˒*(Ɇ?B(A˒é.ƈŐƎ̟ƉƭĽ.#:.Ȏ͙.ŌǍ/
Ȉ̉əŐǓ)A*ʨ?BA˄Ů3.ƉɆEɞư)¥ſADh
öȸ,+ in vivo.ʋ-(;D2ĆŐ¶·ö˒À˺·ɆEɖƺAǴ˭
AƇˠA$C 
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Table 2-1. [Tk̵ŏé/Ca2+̵ŏé.˄Ů˒/Ȏ͙˒ 
bVei 
 
FDA*˱ĉ˒/ 
Ȏ͙˒ 
̟Ɖɑ āʨǈȽ 
D2ĆŐ¶ 
·ö˒ 
PzX 
¨ 
PD 
¨ 
Curran and Perry., 2004 
ERK[Tk
̵ŏé 
idlw o Samatar et al., 2014 
p38[Tk 
̵ŏé 
SB681323 
SCIO-469 
½ŏĆŐƎɎɒ
͢ɾ IIɠ˯͙ͣ 
ɭʓ̾ŏƎɎɒ
͢ɾ IIɠ˯͙ͣ 
Yasuda et al., 2011 
NMDAĬ Glu
ĆŐ¶̵ŏé 
d AD Anand et al., 2017 
́´»ŇƎ
Ca2+dn
̵ŏé 
J]\u 
¨ 
͜˕ħɑ 
PD 
͢ɾ IIIɠ˯͙ͣ 
Surmeier et al., 2017 
*HP͔ęø˒ęŞ 
 
 
Figure 2-9. PzX->AɭʓÀ˺Pl^.¬˳ 
ȱʝͦÎ˗ɥɷ?ɪĜBAʓ̄ ̓ͦ˒é 
̦÷]i]ǘ͂/ʐʰĻTb̦.ˑɶ*!B-±ʐʰ× Ca2+.̛ëȗÒ
͢Ca2+ over-loadͣEų̃Ca2+ over-load/MAPKP]Uj (ERK>2 p38[
Tkʓ̄)EȖƎ÷H~i[]E˲ŚAPzX/Tb̦i
]~b.ɖɀEǑ A*)ʐʰĻTb̦.Øą@̋8EĸŷA
!.ʔǨʐʰĻTb̦.ˑɶƣæBH~i[]̵ŏBA 
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ɾ 3ɼͦTWWdWJjǘ͂->Aɭʓ̾ŏ.˨ǧ 
 
3-1. Ƕˠ 
 łŅǠ.ȅ¶-ŖAʉɭə̆¶ə,]i]Ʉ7B#ņ.řǦə,ɖ̜
̾ŏ<ʉɭɏƑ.ɖɑ]SEǑ A*ıēB(A.·Ɇ-
]i]˽ˌ->@ȅ¶˕)ĸñA|)ATWWdWJj
͢GCͣ.̳ɪĜB(A7#öȸhEɆ#Ō͙?TW
WdWJjʯÑɭʓŬ/è͗ʐʰ͢eNSPCͣ.ɭʓǋɄE̾ŏA*ı
ēB(A!.ßņəǼů/7$ǒ?),ǣɥɷ)/ei.
ʯÑ?ßą# eNSPCEɆ(GCɭʓǋɄ-Aź͉*!.ßņə
Ǽů.˨ǒEɞə*#GC.ǘ͂/eNSPC.ß÷-±ɭʓʐʰ7#/
H]iTHȹɋə,PbrS̀.ɖɀǑEƣæ#7#ß÷
̛ɳ-Aʐʰ.ɄŇȿEȤŜ #?-GC/ß÷-±&# ERK
[Tk°̜ʓ̄>2 PI3K/Akt[Tk°̜ʓ̄.ȖƎ÷E̵ŏ#[
Tk.̵ŏéNSPCs.ß÷>2ɄŇEƣæ#*?B?.[
Tk.ȖƎ÷ NSPCs.ß÷-ő(A*ǒ?*,&#?
-[Tkʓ̄.ȖƎ÷ģņ)A Insulin-like growth factor I.ƤGC
->Aß÷ƣæ·ɆEĢƃ A*Eɪ#«.ʔǨ/GC->A ERK
>2 PI3K/Akt[Tkʓ̄.ƣæNSPCs.ß÷ƣæEų̃ĉʲƎ
EɪĜ(A 
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3-2. ů˵  
 
3-2-1. Ļə]i]*TWWdWJj 
 ɀª-AÔ˖˙Ʉ.ǀĞ*øɔ¶æ.ɖ̜/ƗǪɑ<Ǭ͕ľ˴Eÿģ*
AɏƑEîə-ȤŜ ̆¶ə,ÇűE͓̅ə-Ď #͢þɄôÌɡ
¤ćöƘ˴ǫ ͣǌ)]i]ɬ¯*ŹŐBA>-ǣ̣-A'
ɐ<ŉ̾ŏ*&#]i]-ģA*ʨ?B(Aȉß̾ŏ.ǝɐȿ
/ū	ĸñÊĎ-AB?.ɬ¯)/ʉɭ͆).ÇűEĎ A#
:]i]Ǝ.ʉɭɏƑ-ŖAŖƉȌ:?B(A͢þɄôÌɡ Ƒʩ˴
ǫ ͣ 
 øňɄȸňə,È͆?]i]*ǶƋEá:(¶ʋə-Ƹĝ#.
/Hans Selye)Aż/ĻÉ͈͘ŔÚ÷ňȸ̀.ƤƏƌɒ
8>2ƫǤ*&#Ʉ¶ƐũƎEʴ͢7#/ʴ*Ǡ AͣǸ	
,çȬêʻɚ̀.ʬĽ÷<ʱˀʺ˃.Ąʞʮùưʾ.2?F*&
#Č.Ʉ¶ăƉE˲ɖA*Eɖˡ#͢Selye., 1936; 1956; 1976 ͣ!
(ż/“Ļ̤çȬ-ŖAͅȹɋə,Ʉ¶Ɖʂ”E]i]!.“]i]
Eų̃Ļ̤çȬ”E]ieY*ŋʦ#͢Szabo et al., 2012 ͣɀĨ)
/ÿʦ.]ieYE]i]*ĖɱA*ļ͢ƫǤ]i]<ĻǇ
]i],+ͣ#:«̶.˚˫)/ɀĨ.Ėɱ-ƀ!.ſ.]i
]ƉʂE­¦Aȸ̀*(êʻɚ̀?˕-ßȑBA|ȸ̀Č
ŋB#.ȸ̀/TWWdWJj͢GCͣ*č©?BɀĨ)/
]i]|.ãɱ);>ɣ?B(A˕ GCȮŰ.Ǒ/˕ʊÄ
.Ǒ<˕ħƆƪÝ̩.ĸñÐɍƉʂ.ƣæE˲Ś̆¶Ǽʲ.ȖƎ÷<
ƗǪ->AȰɑ.ƣæ,+]i]-ƧƥA.-Ƈˠ,·ɆEɖƺA
͢Sapolsky et al., 2000 ͣ]i]->A GC.ßȑ/ˣŮ̤-ī¶-êʻɚ
̀̈͢HPÄͣ*Ė0BA×ßȑǼǷ->@æƂB(A͢Smith and Vale., 
2006 ͣ]i]çȬ/ʹ-AˣŮ̤.êʻɚ̀çȬ|ǂÝ|
͢CRFͣ.ßȑE¿CRF/</@ʹ.ī¶?.êʻɚ̀çȬ|
͢ACTHͣ.ßȑE˲ŚA?-˕)ĸñ# ACTH/ʻ˃.-A
êʻɚ̀?. GCßȑEų̃)̨ˠ*,A./˕)Ǒ#
GCʹ.è͍èɚ̀<ț͖ˣŮ̤ī¶-·ɆA*)CRF*
ACTH.ßȑEƣæA*)A#nQgIwvIjqeSǼǷ-
>@]i]˽ˌǗ.˕ GCȮŰƇˠ-͜,A.E̴7#]i
]çȬ̹B#ſGC.˕ȮŰ̓<-ŪũǗ*Čz7)µ
A*ĉʲ*,&(A 
 ̎.̒@˕ GCȮŰ.̛ə,Ǒ->A]i]ăƉ/Á¶.ɄŇ
-Ŗǝä-Ì*ʨ?B(Aǌ)]i].ƙƎ÷/˕ GC
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ȮŰ.ǑEũƘ÷ ¶×.ƐũƎɦʘEų̃ĉʲƎSelye.]
i]ɂ˵)ƸĝB(A͢Szabo et al., 2012 ͣ.¬˳/ɐəʬȧ<ʊŝ
ɐ˅ŦÐɍɏƑ,+Ǹ	,ɏƑ.ɐģ. 1'*(ƿƯB(@!#
ɏƑ.);ȹ-ʉɭɏƑ*.̳̕/ȓɞB>ɥɷB(A 
(Streeten., 1993; Roy et al., 1993; Tsigos et al., 1993; Sternberg., 2001; Numakawa et al., 
2013)Ǐũə,]i]ɖɑ.&*ʨ?B(AĽ'ɐ/̮Ǡ
̲.ƣ'ȺƘ*˅Ȅ͑ǟ,+EɑȺ*AʉɭɏƑ)AĽ'ɐƑʩ.ʌ
30͡-(˕ cortisol͢si×ĨƎ GCͣ.͜Ä˱:?BA͢Young et al,, 
2001 ͣļ.Ĳċ.˕ GC.Ǒ/HPÄ.nQgIwvIjqe
SǼǷ.ɦʘ͢HPÄ.ʸƣæͣE±&(@B GCȮŰ.ɐəǑ.ÿ
ģ*ʨ?B(A͢Dedovic and Ngiam., 2015 ͣöȸh-(;ƙƎ
ə,]i]˽ˌHPÄ.ʸƣæEų̃*ıēB(@!
.Ǽů*(ț͖<è͍èɚ̀-A GC.ĆŐ¶.ɖɀȤŜ.̳ɪĜ
B(A͢Wright et al., 2006 ͣGC.ĆŐ¶-/͜˥ĘƎĆŐ¶)An
WdWJjĆŐ¶͢MRͣ*µ˥ĘƎĆŐ¶)ATWWdWJjĆ
Ő¶͢GRͣ.ͥ'ŇĨA͢De kloet et al., 1998 ͣB;GC*.ʔċ-
>@ȖƎ÷B*(̇Ùģņ*(·ɆAMR/̒ũ.˕ GCȮ
Ű-(; GC*ʔċȖƎ÷B(A.-ŖGR/]i]->@
GCȮŰǑ#Ĳċ-ȖƎ÷BA*?Ʉ¶-A]i]Ɖʂă
Ɖ/*( GR.·Ɇ)A*ʨ?B(A͢De kloet et al., 1998 ͣƙƎ
]i]->AƯʖə, GC.Ǒ* GR.ȖƎ÷/GR.ɖɀ̩.ȤŜEų
̃ț͖<è͍èɚ̀͌ĭ.ɭʓʐʰE¦# HPÄ.nQgIwvI
jqeSǼǷƻ,DBA!.ʔǨGC.̛ë,ßȑE¿̖(7*
ʨ?B(A̛ë, GC/ɭʓʐʰ.[kx]̾ŏ<ț͖.ɭʓǋɄ.̵
ŏ,+Ǹ	,ƒź͉Eʹ-A*ıēB(@B?Ľ'ɐ.
ɐƘɖɀ-̳(AĉʲƎA͢Saito et al., 2016; Sawamoto et al., 2016 ͣ 
 
3-2-2. ȅ¶]i]*ÝɄÑ-Aɖ̜̾ŏ͢ɍňɥɷͣ 
 ]i]ÿģ.1*'*BAʉɭɏƑ-(;]i]&)
ɖɑAU]*Č]i]EĆ#Ĳċ);ɖɑ,U]A
,D%4(.¤ɖɑAˬ)/,ɖɑ-/!.¤ǝAʍĩ͢]
i]-ŖAʵŵƎͣ̳A*ƍDBA.ʍĩ.ŹƝ-/̡°əʍ
ģ*Õ-ʯÑǠ?ƍǕǠ7).ɭʓɖ̜Ǡ-AɃķəˠģź͉E
AĉʲƎ͜.ȱ-(ʉɭɏƑ*ɭʓɖ̜̾ŏ/͒³(@
Ōʩ̲)Õ̒A]Sģņ/ļȹ-ʯÑǠ-Aʯ×Ƀķ.ź͉
/ĽłŅ.ȅ¶.KJ]ƗǪ<HWƼą*Õ-Ļə]i]
Õ̒A]Sģņ*(Ʊ?BA͢Li et al., 2012 ͣɍňəɥɷ?łŅ
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.ȅ¶-ŖAʉɭə̆ ¶ə]i]Ʉ7B#ņ.řǦə,ɖ̜̾ŏ͢ ȓ
Ɩǽ̺ļöƎ̾ŏ˅̰ɑ]{Si̾ŏͣ<ʉɭɏƑ͢ʕċľ˴ɑ'
ɐ .ͣɖɑ]SEǑ A*ıēB(A͢ van Os and Selten, 1998; van 
den Bergh and Marcoen., 2004; Beversdorf et al., 2005; Grizenko et al., 2012; Graignic-
Philippe et al., 2014 ͣ7#ȅ¶]i]/ņ.ÝɄ¶̨˱ɣǼʲ>2ʹ
.ȯɗ̀Ő̩*˽.ɠ̳Eɪ͢Wadhwa et al., 1993; Entringer et al., 2009; Buss et 
al., 2010 ͣȅ¶]i]ņ.ɭʓɖ̜-Aź͉.˰ʐ,ßņPl^
-/ǒ,ȱļ</@ȅ¶˕. GCȮŰǑɌDB(A͢ Wadhwa 
et al., 1993; Wilcoxon and Redei., 2007; Salmon et al., 2011 ͣȅ¶.˕7#/ʤȊ
. cortisolȮŰ/ÝɄ¶̨<˱ɣǼʲ*˽.ɠ̳Eɪ*ıēB(A
͢Goedhart et al., 2010; Bolten et al., 2011; Bergman et al., 2010 ͣ̒ũȅ¶ɈǦ.
GC/ʯɜ-˻œ-ŇĨA 11-β hydroxysteroid dehydrogenase type2͢ 11β-HSD2ͣ
->@ȖƎ, cortisone -ª˷BA#:GC .ʯÑ˕3.ȗÒ/ȤŜ
A͢Reynolds., 2013 ͣȅ¶]i]/. 11β-HSD2 .ɖɀ̩>2
̥ʍȖƎEȤŜ A*öȸŌ͙-(ıēB(A͢Mairesse et al., 
2007 ͣ7#si-(;ȅ¶.Ɨ(Aŉ.Ľ*ʯɜ. 11β-HSD2
.ɖɀ̩̥ʍȖƎ˽.ɠ̳Eɪ*ıēB(A͢O'Donnell et al., 
2012 ͣ.*?ȅ¶]i]-AĲċ˕ GCȮŰ.Ǒ* 11β-
HSD2 .ȖƎµ->@GC ʯÑ˕-͜ȮŰ)ȗÒAĉʲƎA
͢Reynolds., 2013 ͣ 
 ʯÑ-ŖA GC .͜ȮŰǘ͂ɄAȺȐ*(ȅ¶]i]«Ļ-;
Ȏɔɞə)ȅ¶-ċƝ GC EƤAU]Ʊ?BAGC /ʯÑ.ʭƝȵ
E¿̖AõǨA#:ǐɅ.ƏBAĲċ-ċƝ GC EƤA*
A͢Braun et al., 2013 ͣċƝ GC/ 11β-HSD2->Aß˨EĆ,#:ȅ
¶-ƤB#ċƝ GC /!.77ʯÑ˕3ȗÒAċƝ GC .Ƥ/
ǋɄÑ.Ėđɺ̍ɑÃʥ.]SEȤŜ Aǌ)ÝɄ¶ ̨͍ ĔĤ.ȤŜ
ņº.˱ɣǼʲ.µ>2ļöȓƖǄȫ,+Ɠöɖ̜3.ź͉ļı
ēB(A͢French et al., 1999; Crowther et al., 2007; Frenchet et al., 2009; Braun et 
al., 2013 ͣ#$ċƝ GC.ɖ̜3.ź͉EďŋAıē;ŇĨA#:¥
ſ>@ĽˢǺ,ɍňəɥɷ->AǴ˭Ƈˠ)A͢Stutchfield et al., 2013 ͣ 
 
3-2-3. ȅ¶]i]*˗öňəɋũ͢öȸhͣ 
 ȅ¶]i]/si«Ļ.öȸ-(;§.˗öňəɋũEų̃
*ɣ?B(@ȹ-eiEɆ#ɥɷ/ɛF-˗DB(Aȅei
EłŅ 19Ǐɞ-ĻǇ]i]͢ ȼ*Čʅ- 15minÒBA -ͣǘ#Ĳċ!.
§/ÝɄǗ.ȁ¡ȿǑ*ÝɄ¶̨.µEɪƝȾ*,&#ſ;̮Ǡ˫ƛ
.µ*ŉǸ˗öEɪ*ıēB(A͢Lordi et al., 2000 ͣ7#łŅ
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13-21Ǐɞ.ei-ŖA˟ċə,]i]çȬ͢ ƫǤŷæȊȔ>2͜Ɵ]
i].ʒ8ċD ͣ§.ŉǸ˗ö*ȸ̀˱˸˫ƛʲï.µ͢ ].8 ͣ
ɸ̲˫ƛ̾ŏ͢ O].8 Eͣų̃*ıēB(A͢ Salomon et al., 2011 ͣ
ˈĕȟ*-ȅ¶]i]->A§.ŉǸ˗ö/]i]˽ˌè-ȅ¶
.êʻɚ̀E̹ĀA*)ȜľA?-êʻɚ̹̀ĀE˗&#ȅ¶-
]i]˽ˌǗ.˕ȮŰ*ČɳŰ. Corticosterone͢ CORTei.×ĨƎ GCͣ
EƤA*§.ŉǸ˗ö˲ɖBAǌ)ȸ̀˱˸˫ƛ͢]ͣ
>2ɸ̲˫ƛ͢O]ͣ.̾ŏ/êʻɚ̹̀Ā->Aź͉EĆ(,.
*?Ŝ,*;ȅ¶]i]->AŉǸ˗ö/ȅ¶. GC ĸñÿģ
*,&(AĉʲƎA͢ Salomon et al., 2011 ͣ#$¨ .Tx˗&#
ȅ¶]i]ɥɷ)/O]ȹɋə-˦ŕB#ɸ̲˫ƛʲï.µ;ȅ¶.
êʻɚ̹̀Ā->@ǀĞ#*ıē;@˫ƛ̾ŏ-̳(/7$ˇ
#ˡ˨Ɓ?B(,͢Zagron and Weinstock., 2006 ͣ 
'Ǹ˗ö-̳(;ȅ¶]i].ź͉ıēB(AłŅ 15Ǐɞ
?ÝɅ7)ȆǏŋǗ̲.ƫǤ]i]-ǘB#ei.§/]).8
ƝȾſ.'Ǹ˗ö˱:?B#͢Alonso et al., 1991 ͣ7#ȅ¶.êʻɚ̹̀
Āſ-͜ȮŰ. CORTƤE˗&#Ĳċ;Č].§-.8'Ǹ˗ö
ˡ?B#͢Wilcoxon and Redei, 2007 ͣ#ȅ¶]i]EĆ#§/Ɲ
Ⱦſ-(;]i]˽ˌǗ- GC ßȑ̛ë-̃A*ıēB(
A͢Barbazanges et al., 1996 ͣB*ČǗ-ț͖. GR<MR.ɖɀȤŜ˱:
?BA*?ȅ¶]i]EĆ#§-/HPÄ.ʸƣæ̃(A*
ʨ?BA͢ Barbazanges et al., 1996; Bingham et al., 2013 ͣ. GCßȑ.¢̖/
ȅ¶.êʻɚ̹̀Ā->@ȜľA*?ʯɄǠ-A GC .ǘ͂§
. HPÄ.ɖ̜ŹƝ-ƒź͉EA*ƍDBA͢Barbazanges et al., 1996 ͣÎ
̎.̒@HPÄ.ʸƣæ/Ľ'ɐ-ŒƷ-¾DA˚ɀĬ)A#:B
?.ɥɷ/ʯÑǠ. GC ǘ͂řǦə,'ɐɖɑ.ʍĩE'A*¬˳
EŷƿƯ(A 
!.¨-;ƆəĻÉſ]i]̾ŏ-̳̕#˗öɋũȅ¶]i]E
Ć#§-(ıēB(AłŅ 14-21 Ǐ-ƫǤ]i]EĆ#ȅe
i.§/Űǥ®©E˗&#Əƌ˫ƛ.ȜĀňʧ-̾ŏɄA͢ Bingham et 
al., 2013 ͣȅ¶]i].ªD@-ȅ¶- CORTEƤ#Ĳċ;ČǸ.̾ŏ
8?BA*?.̾ŏ-;</@ GC ̳A*ɪĜBA7
#ȅ¶]i]* CORTƤ.B-(;ʹ.̓ǉǮ-ŇĨAo
Hjk·öƎɭʓʐʰ-(d[Ȋ̦÷̥ʍ͢oHjk
ċƝ.ž̥̓ʍͣ.ɖɀȤŜ8?B#͢Bingham et al., 2013 ͣ̓ǉǮ?è͍
èɚ̀3.oHjkçȬ/Əƌ˫ƛ.ȜĀňʧ-̳A*?
B?.ʓ̄.ɋũȜĀňʧ.ƣæ-̳(AĉʲƎA͢Mueller et 
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al., 2008 ͣ 
«.Ǹ-ȅ¶]i]/˫ƛ̾ŏ<ŉǸ˗ö'Ǹ˗öƏƌ˫ƛ
.ȜĀňʧ̾ŏ*&#Ǹ	,˗öňəɋũE˲ɖ!.ļ/ȅ¶?.GC
-ǘBA*-̃ģ(A*ʨ?BA#ɋũ.ģ*(ʯÑ
Ǡ?ǋɄÑǠ-A GC ǘ͂ɭʓɖ̜Ǡ.ɭʓǋɄE̾ŏAĉʲƎ
ɪĜB(AɄſ 4-7Ǐɞ.ei-ŖA Dexamethasone͢ DEXċƝ GCͣ
.Ƥ/¶̨ȤŜț͖.ŐɶȤŜ>2ʹōŨĽʹɚ̀ț͖ȀȺĢ
͢ɭʓǋɄ.̃Aʹ̤´ͣ͌ĭ).ĸȃƎʐʰ.ȤŜEų̃͢Kanagawa 
et al., 2006 ͣ7#łŅ 15.5Ǐɞ.K]-ŖA DEX.üĢƤ-(;
§.¶̨ȤŜț͖Őɶ.ȤŜ!(ț͖ȀȺĢ-Aĸȃʐʰ.ȤŜı
ēB(A͢ Noorlander et al., 2014 ͚ͣ 4*-ț͖ȀȺĢ.ĸȃʐʰ.
ȤŜ/ƝȾſ-(;˦ŕB#͢Noorlander et al., 2008 ͣ7#ƝȾſ-
(ŗė.ɤʞ.8,?ț͖ɭʓʐʰ.[kx]ĉĴƎ.1*')A̮
Ǡƣħ.̾ŏ<ɸ̲˫ƛ.̾ŏ˱:?B#B;ʯɄǠ. DEXƤɄȝ
-D#&(ƒź͉EA¹)A͢Noorlander et al., 2008 ͣ 
 
3-2-4. GCs->AɭʓǋɄ̾ŏ͢ʐʰhͣ 
 ʯÑǠ-AɭʓǋɄ*/ʯɄɭʓŬ/è͗ʐʰ͢ eNSPCs .ͣĸȃ*ɭʓʐ
ʰTHʐʰ3.ß÷ɛF-˗DBAʹŹƝ-Ąˠ,]gex)
A!.#:ɭʓǋɄ-A̾ŏ/!.ſ.ɭʓɖ̜̾ŏ<ʉɭɏƑ.ɖ
ɑ]SE͜:Aʍĩ.ŹƝ-̳AĉʲƎA͢Fan et al., 2017; Noriko and 
Nannan., 2011 ͣ̎.̒@öȸŌ͙-(GCs.ʯɄǠǘ͂ɭʓǋɄE
̾ŏAĉʲƎɪB(A7#ʐʰh-(;GCs NSPCs-
Aź͉-'(˰ʐ,˨ǧ˗DB(A 
 siț͖ɈǦ.ǭ÷ NSPCs EɆ#ɥɷ)/cortisol .Ƥ!.ȮŰ-
>@ɋ,Aź͉E NSPCs .ĸȃ*ß÷-Ŗ(A*ıēB(A
͢Anacker et al., 2013 ͣµȮŰ. cortisol͢100 nMͣ/ʐʰĸȃ*H]iYJ
i3.ß÷E¿̖#ɭʓʐʰ3.ß÷Eƣæ#*C͜ȮŰ.
cortisol͢100 µMͣ/ɭʓʐʰ3.ß÷.8,?ʐʰĸȃE;ƣæ#ˈ
ĕȟ*-µȮŰ. cortisol.·Ɇ/MR̵ŏé->&(ǌ)͜ȮŰ.·
Ɇ/ GR̵ŏé->&(ğľMR* GR NSPCs-Ŗɋ,AŻìEǨ#
(A*ɪĜB(A͢Anacker et al., 2013 ͣ7#cortisol.Ƥ/
ʐʰ×.Hedgehog[Tkʓ̄Eƣæ(@Č[Tk.ȖƎ÷é cortisol
->Aɭʓß÷ƣæEȤŵ A*;ıēB(A͢ Anacker et al., 2013 ͣ
B?.[Tkɋũ/ȅ¶]i]EĆ#ei.ț͖);˱:?BA*
?ɭʓǋɄ̾ŏ.ßņǼů*(ȓɞB(A͢Anacker et al., 2013 ͣ 
 ¨.Tx-(;GC ->A[Tk°̜ɋũ-ɢɞ#ɥɷ˗D
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B(AsiʯÑ.Ľʹɚ̀?Ƶą# eNSPCs/DEX.Ƥ->@!
.ĸȃ*ɭʓß÷ƣæB#͢Moors et al., 2012 ͣČǗ-DEX .Ƥ/
eNSPCs . Dickkopf1͢DKK1, ×ĨƎ Wnt [TkHbXl]iͣ.ɖɀE
Ǒ Wnt [Tk.ȗbVei)A cyclin D1 * inhibitor of DNA 
binding2.ɖɀEȤŜ #DKK1-ŖAĘƥ¶.ƤDEX->Aĸ
ȃ*ɭʓß÷ƣæEǀĞ#*?Wnt [Tk.̳;̨ˠ)C*ʨ
?BA 
 ƞ	.Tx)/ǎ-eiĽʹɚ̀l-ŖA GCǘ͂ʹ
ɈǦɭʓǬ͕ģņ͢BDNFͣ-(ó̃BA ERK[Tk.ȖƎ÷*!B-±
[kx]ƝȵE̵ŏA*Eıē#͢Kumamaru et al., 2011 ͣBDNFEĐ
9ɭʓǬ͕ģņʥ>2ĸȃģņʥ->@ȖƎ÷A ERK< PI3K/Akt[Tk
ʓ̄/NSPCs.ĸȃ*ß÷.Ăǌ-ź͉A*/>ɣ?B(A͢Ishii et 
al., 2010; Liu et al., 2014; Nguyan et al., 2009; Qiao et al., 2012 ͣ*C NSPCs-
(B? ERK>2 PI3K/Akt[Tkʓ̄3. GCǘ͂.ź͉/5*F
+ǒ)@Hedgehog<Wnt,+.[Tk°̜ʓ̄-ŖA˨ǧ-Ȉ4̘
B(A!)ǣɥɷ)/GCɭʓǋɄE̾ŏAßņPl^-'
(˨ǧEA-Ÿ#@ȹ- ERK* Akt[Tk°̜.̳.ĉʲƎEǴ˭
# 
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3-3. Ō͙ǌȒ 
 
3-3-1. eNSPCs.áªį͕ 
  ǣɥɷ/öȸŌ͙ÅɂńĚ¯͢Ħɻʉɭɭʓøɔɥɷ_b ɭʓɥ
ɷƟͣ.Ƣ˱.;*öȸŌ͙ÅɂńĚ¯.ư̫-ƀ&(˗&#Ō͙-¸Ɇ
# eNSPCs/ʯɄ 14Ǐɞ.Wistarei.ʑʹ?ßą#ȅ¶ei-
JavEđÒ #ſ-̱ʿņŎ?ʯÑEʍǐą@Ý#ʯ
Ñ.ʑʹEŌ¶͐Ƅ̭)ǜ])˛Ǌ#ſ-10 ml.rrJ
ȩȞ͢9 units/ml.rrJ* 200 units/mlEĐ9 PBSȩȞͣEñ37℃) 20
ß̲Ʋɝ#1400 rpm) 1ß̲.̞Ɔß̀E˗ȢE̹Ā#ſ10 ml
. DMEM/F12įĩEκñu{egITE˗ʐʰE>Ɯȭ#!
.ſsterilizing filter->@ʒʡȷEą@̹#1400 rpm) 5ß̲.̞Ɔß̀
E˗ȢE̹Āſ-50 ml.ĸȃįĩ͢1/500̩. KBM Neural stem cell 
SupplementEĐ9 KBM Neural stem cell medium͢KOHJIN BIO, saitama, Japanͣͣ
Eñ>Ɯȭ#˕Ɂ˪ʃɜ)ʐʰŒŰE˪Ȧ0.5-1.5×106 cells/ml-,
A>ŧ̧T75v]W͢BD Falconͣ) 5% CO237℃.ǥ®) 4Ǐ̲
Ț̙į͕E˗&#ĸȃƎ. eNSPCs/Neurosphere*Ė0BAɁȺ.ʐʰĳ
EŹƝA4Ǐſ-ŹƝB# NeurospheresEĢĄ1400 rpm) 1ß̲̞
Ɔß̀ȢE̹0.05% ix[/EDTAȩȞ͢Sigma-AldrichͣEκñ
37℃) 5ß̲Üɂ#ſ-u{egITE˗&#1400 rpm) 1ß̲.
̞Ɔß̀E˗Ȣ̹Āſ-ĸȃįĩ-Ɯȭ#˕Ɂ˪ʃɜ)ʐʰŒŰE
Ȧŋ5×104 cells/cm2-,A>~MdJ)WgIT# 3.5 
cm dish 48 well plate7#/Q]}i dish-ƽɴ5% CO237℃.ǥ®
)į͕E˗&#ĸȃ˯͙)/!.ſ˒éƤ) 3-7Ǐ̲į͕#ß
÷˯͙)/ĸȃįĩ) 3Ǐ̲į͕#ſß÷įĩ͢1/50̩. B27 supplement
EĐ9 KBM Neural stem cell mediumͣ3.įĩ£ƹE˗!.ſ?- 3-7Ǐ
̲į͕E˗&# 
 
3-3-2. ˒éÜɂ 
 GCǘ͂Ō͙-/ei.×ĨƎ GC)A CORT͢ Sigma-Aldrich *ͣċƝ GC
)A DEX͢ Sigma-Aldrich EͣɆ#B?. GC/eNSPCsExi7#
/ dish-ƽɴ(? 3-5Ǘ̲ſ-κñ!.ſ˨ǧE˗7)ǘ͂E
˗&#ƤȮŰ/]i]˽ˌǗ.ei.˕ CORTȮŰEāʨ-Fig.1
.̤.Ō͙E̹0.1-10 µM .ʆĤ)˗&#͢Bingham et al., 2013 ͣ7#
U0126͢ 10 µMMilliporeͣ* LY294002͢ 10 µMCell signalingͣ/ß÷˲Śſ 1Ǐ
ɞ?ƤE˗&#Rat reconbinat insulin-like growth factor͢IGF-I100 ng/ml
R&D Systems Inc.ͣ;ČǸ-ß÷˲Śſ 1Ǐɞ?ƤE˗&# 
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3-3-3. MTT assay 
 ĸȃ˯͙ſ.ɄŇʐʰǅ.ŋ̩*ß÷˯͙ſ.ʐʰɄŇȿ.Ȧŋ.#:48 
well plateEɆ(MTT assayE˗&#ơȒ-'(/ɾ 2ɼ.“2-3-3. MTT 
assay”Eāȴ 
 
3-3-4. ÐɍǪˊ 
 ĸȃ˯͙ſ. eNSPCs.ʐʰǅ.ŋ̩.#:-eNSPCs.Pßņ)A
NestinSOX2.ÐɍǪˊE˗&#ÐɍǪˊ.ơȒ-'(/ɾ 2ɼ.“2-3-5. 
ÐɍǪˊ”Eāȴ¸Ɇ#Ǿƥ¶Ǿƥ¶/«.̒@ͦNestin ƥ¶ 
(Millipore, 1000Âŧ̧)SOX2͢ Abcam, 1000Âŧ̧ ͣAlexa Fluor 488 mouse IgG2A
ƥ¶͢Life Technologies, 200 Âŧ̧ ͣAlexa Fluor 546 rabbit IgG ƥ¶͢Life 
Technologies, 2000Âŧ̧ ͣ 
 
3-3-5. brS̀ƨÝ*KL]bwegIT 
PbrS̀*̦÷[Tk.ǴÝ.#:-KL]bweg
ITE˗&#brS̀ƨÝ>2KL]bwegIT.ơȒ/ɾ
2ɼ.
2-3-6. brS̀ƨÝ*KL]bwegITEāȴ¸ Ɇ#
Ǿƥ¶*Ǿƥ¶/«.̒@SOX2ƥ¶͢ Abcam ͣTUJ1ƥ¶͢ Berkeley Antibody 
Company, CA, USA ͣDoublecortinƥ¶͢ DCXCell signaling ͣSyntaxinƥ¶͢ Signa-
Aldrich ͣSynapsin I ƥ¶͢Millipore ͣGluR1 ƥ¶͢Millipore ͣGAD65/67 ƥ¶
͢Signa-Aldrich ͣGFAPƥ¶͢Millipore ͣβ-Actinƥ¶͢Signa-Aldrich ͣphospho-
ERK͢Thr202/Thr204ͣƥ¶͢Cell signaling ͣERKƥ¶͢Cell signaling ͣphospho-
Akt͢ S473 ƥͣ¶͢ Cell signaling ͣAktƥ¶͢ Cell signaling ͣRabbit IgG (H&L) Secondary 
Antibody Peroxidase Conjugated Properties ͢Rockland Immunochemicals Inc. ͣ
Peroxidase-AffiniPure Goat Anti-Mouse IgG͢Jackson Immunoresearch Labs Inc. ͣ 
 
3-3-6. ʕ˪Üɂ 
 ʕ˪Üɂ.ǌȒ/ɾ 2ɼ.
2-3-10. ʕ˪ÜɂEāȴ 
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3-4. Ō͙ʔǨ 
 
3-4-1. GC.ǘ͂/eNSPCs.ĸȃ-/ź͉E, 
 GC eNSPCs.ĸȃʲ-Aź͉E˴4A#:ĸȃǥ®. eNSPCs-
Ŗ3Ǐ̲. CORTǘ͂E˗&#0Ǐɞ* 3Ǐɞ.B-(;ļ
.ʐʰ NSPCs.PbrS̀)A Nestin* SOX2Eɖɀ(@
eNSPCs.ĸȃɨ˱B#͢Fig. 3-1A ͣCORT.ĸȃ3.ź͉E˴4A#:
3Ǐɞ-A Nestin‑Ǝʐʰ.ǅEŋ̩#CORTƤ->Aʐʰǅ.ǝ
Ɩ,ĺö/ˡ?B,&#͢Fig. 3-1A ͣČǸ-MTTHe_J->AɄŇʐʰ
ǅ.Ȧŋ-(;CORTƤ.ǝȳ->Aťɋ/˱:?B7#7Ǐ̲
. CORTƤE˗&(;ź͉/ˡ?B,&#͢Fig. 3-1BC ͣDEX-'(
;CORT*ČǸ- 3Ǐ̲.ƤE˗&#</@ɄŇʐʰǅ3.ź͉/ɨ˱
),&#͢Fig. 3-1D ͣ«.ʔǨ?ǣį͕ʋ-(. GCǘ͂/
eNSPCs.ĸȃ-ź͉E,*D&# 
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Figure 3-1. GC.ǘ͂ eNSPCs.ĸȃ3Aź͉ 
ĸȃǥ®. eNSPCs-ŖCORTA/ DEXE 0.001-10 µM7#/ 0.1-10 µM.
ȮŰ-(Ƥ#͢ AͣCORTƤſ 0Ǐɞ* 3Ǐɞ-(Nestin>2 SOX2ƥ
¶->AÐɍǪˊE˗&#ǘ͂ 3Ǐɞ-A Nestin‑ƎʐʰE˪Ȧ(ŋ̩E˗&
#(n=12 from 4 dishes)̂ͦSOX2ʛͦNestin̓ͦHoechst33342͢ʐʰǮ.ǴÝ ͣ]
Uqͦ20 µm͢BͣCORTƤſ 3Ǐɞ.ɄŇʐʰǅEMTT assay->@˨ǧ#
͢n=6-12 ͣ͢ CͣCORTƤſ 7Ǐɞ.ɄŇʐʰǅEMTT assay->@˨ǧ#͢n=6 ͣ
͢DͣDEXƤſ 3Ǐɞ.ɄŇʐʰǅEMTT assay->@˨ǧ#͢n=6-12 ͣN.S. : not 
significant 
 
3-4-2. ɭʓß÷˲Ś-±PbrS̀.ɖɀĺö 
 ʖ(eNSPCs.ǝAɭʓß÷ʲE˴4A#:ĸȃģņ͢ĶİƎʝʗˋ
ʐʰƝ̮ģņ>2ɚƝ̮ģņͣEįĩ?̹!B->A˅ɖə,ɭʓ
ß÷E˲Ś#eNSPCs.ß÷ȺƘE˴4A#:ß÷˲Ś-±Pb
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rS̀.ɖɀĺöEWB->@ŋ̩#͢Fig.3-2 ͣNSPCs.P)A
SOX2/ß÷-±ɖɀȤŜ#.-ŖɭʓʐʰP͢TUJ1
DCXͣ<[kx]P͢synapsin IsyntaxinGluR1 ͣGABA·öƎɭʓʐ
ʰP͢GAD65/67 ͣH]iYJiP͢GFAPͣ/!B"Bɖɀ
Ǒ#TUJ1* DCXSyntaxinGFAP/ß÷˲Śſ 3Ǐɞ?synapsin 
IGAD65/67)/ 5ǏɞGluR1)/ 7Ǐɞ-(ǝƖ,ɖɀǑ˱:?B
# 
 
 
Figure 3-2. eNSPCs.ß÷-±PbrS̀.ɖɀĺö 
ɭʓß÷ǥ®. eNSPCs-APbrS̀.ɖɀĺöEWB->@Ȧŋ
#͢n=4 ͣSOX2 : NSPCsP TUJ1DCX : ɭʓʐʰPSynapsin I
SyntaxinGluR1 : [kx]PGAD65/67 : GABA·öƎɭʓʐʰP
GFAP : H]iYJiPβ-Actin : ×̤Wi *** P<0.001** P<0.01
* P<0.05 vs Day 0. 
 
3-4-3. GCǘ͂/ eNSPCs.ɭʓß÷Eƣæ!.ʐʰɄŇȿEȤŜ
 A 
 GCǘ͂ eNSPCs.ß÷̛ɳ-Aź͉E˴4A#:ß÷˲Ś-
CORTǘ͂E˗ß÷˲Śſ 3Ǐɞ* 7Ǐɞ-YxEĢĄPb
rS̀.ɖɀ̩.˨ǧE˗&#ß÷˲Śſ 3Ǐɞ)/10 µM. CORTƤ
ʥ-(ɭʓʐʰ[kx]P͢TUJ1DCXSynapsin I
Syntaxinͣ.ɖɀȤŜ˱:?B#͢Fig.3-3A ͣ7#0.1-10 µM. CORTƤ
->@H]iYJiP)A GFAP.Ɇ̩»Ňə,ɖɀȤŜ˱:?
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B#͢Fig.3-3A ͣǌ)NSPCsP)A SOX2.ɖɀ-/ź͉ˡ?
B,&#͢Fig.3-3A ͣß÷˲Śſ 7Ǐɞ-(;10 µM.͜ȮŰ. CORT
Ƥ->ATUJ1E̹ɭʓʐʰ[kx]P͢DCXSynapsin I
SyntaxinGluR1GAD65/67ͣ.ɖɀȤŜ*1-10 µM. CORTƤ->A
GFAP.ɖɀȤŜ˱:?B#͢Fig.3-3B ͣʖ(ʐʰɄŇȿEMTT assay-
>@˨ǧ#˲Śſ 3Ǐɞ)/ʐʰɄŇȿ-ĺ÷/,&#˲Śſ 7Ǐɞ
)/10 µM. CORT Ƥ->AɄŇȿ.µ8?B#͢Fig.3-3CD ͣ«
.ʔǨ?CORT]i]ɭʓʐʰ*H]iYJi3.ß÷Eƣæ
?-ʐʰ.ɄŇȿEµ AĉʲƎɪB# 
 ʖ(CORT.Ĳċ*ČǸ.Ō͙EDEX-'(;˗&#˲Śſ 3Ǐɞ
* 7 Ǐɞ.B-(;0.1-10 µM . DEX Ƥʥ)/ DCXSyntaxin
GFAP .ɖɀȤŜ˱:?B#͢Fig.3-4AB ͣ7#0.1-10µM . DEX ǘ͂/
˲Śſ 7Ǐɞ-AʐʰɄŇȿEȤŜ #͢Fig.3-4CD ͣ 
 
 
Figure 3-3. CORTǘ͂->A eNSPCs.ß÷*ɄŇ3.ź͉ 
ɭʓß÷E¿ǥ®-A eNSPCs-ŖCORT͢0.1-10 µMͣEƤ#͢ Aͣ˲
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Śſ 3Ǐɞ-APbrS̀EWB)ǴÝŋ̩E˗&#͢n=5-9 ͣ͢ Bͣ
˲Śſ 7Ǐɞ.PbrS̀.ɖɀEWB)˨ǧŋ̩#͢n=5-9 ͣ͢ Cͣ͢ Dͣ
˲Śſ 3Ǐɞ͢Cͣ* 7Ǐɞ͢Dͣ-AʐʰɄŇȿEMTT assay->@Ȧŋ#
͢n=6 ͣ*** P<0.001** P<0.01* P<0.05 vs CORTǡƤʥ. 
 
 
Figure 3-4. DEXǘ͂->A eNSPCs.ß÷*ɄŇ3.ź͉ 
ß÷ǥ®. eNSPCs-ŖDEX͢0.1-10 µMͣ.ƤE˗&#͢ Aͣ˲Śſ 3Ǐɞ-
APbrS̀.ɖɀ͢n=5-6 ͣ͢ ɭʓʐʰ; DCX., [kx]; syntaxin., H]i
YJi; GFAPͣ͢ Bͣ˲Śſ 7Ǐɞ.PbrS̀.ɖɀ͢n=5-6 ͣ͢ Cͣ͢ Dͣ˲
Śſ 3 Ǐɞ͢Cͣ* 7Ǐɞ͢Dͣ-AʐʰɄŇȿ͢n=6 ͣ*** P<0.001** P<0.01* 
P<0.05 vs DEXǡƤʥ. 
 
3-4-4. GC/eNSPCs.ɭʓß÷-± ERK1/2* Akt .ȖƎ÷Eƣæ
A 
 ERK [Tk* PI3K/Akt [Tk/ɭʓǬ͕ģņ->Aɭʓß÷ʐʰɄ
Ň¿̖·Ɇ-(;ͅũ-̨ˠ,ŻìEƩ&(A͢Ishii et al., 2010; Qiao et al., 
2012 ͣ!)GC.ß÷ƣæ·Ɇ.ǼůE˴4AȲ-B? ERK[Tk*
PI3K/Akt [Tk.ĺ÷-ɢɞ#7Ǜá-eNSPCs .ß÷˲Ś-
A[Tk.×Ĩə,ȖƎȺƘE˴4A#:ERK1/2 * Akt .ȖƎ÷Eăǔ
A̦÷ȺƘEWBȒEɆ(ǴÝ#̦÷ ERK1/2͢ pERK1/2 /ͣ
˲Śſ 5-7Ǐɞ-ǑA.-Ŗ̦÷ Akt͢ pAktͣ/˲Śſ 3-5ɞ-ǝƖ
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,ǑEɪ#͢Fig.3-5 ͣʖ(CORTƤB? pERK1/2* pAkt-
Aź͉E˨ǧ#˲Śſ 3Ǐɞ)/10 µMƤʥ-A ERK2.̦÷
ƣæ*1-10 µMƤʥ-A Akt.̦÷ƣæ!B"B˱:?B#͢ Fig.3-
6A ͣ˲Śſ 7Ǐɞ)/1 µM CORTƤʥ-( ERK1/2.̦÷¢̖
(A.-Ŗ10 µMƤʥ)/̦÷/ȤŜ#͢Fig.3-6B ͣǌ
pAkt / 10 µM Ƥʥ).8ǝƖ,ȤŜ˱:?B#͢Fig.3-6B ͣ«.ʔǨ
?ERK[Tk* PI3K/Akt[Tk/eNSPCs.ɭʓß÷-±&(ȖƎ÷
ǑA.ǑE CORTƣæA*ǒ?-,&# 
 
 
Figure 3-5. eNSPCs.ɭʓß÷-± ERK1/2* Akt.̦÷ȺƘ.ĺ÷ 
ɭʓß÷.ǥ®-A eNSPCsEɆ(WB->A ERK1/2* Akt.̦÷ȺƘ
E˨ǧ#ĊbrS̀.̦÷vN͢pERK1/2pAktͣEǴÝſw
.ƥ¶.]ieuTE˗ǋ#-Č.w)ibvN͢ ERK1/2
AktͣE˱˸Aƥ¶->Aǹ˸E˗&#͢n=3-4 ͣ*** P<0.001** P<0.01* P<0.05 vs 
Day 1. 
 
 
Figure 3-6. CORTǘ͂ ERK1/2* Akt.̦÷-Aź͉ 
ɭʓß÷˲Ś. eNSPCs-ŖCORT͢0.1-10 µMͣEƤ#͢ Aͣ˲Śſ 3Ǐɞ.
ERK1/2* Akt.̦÷ȺƘEWB->@˨ǧ#͢n=3-9 ͣ͢ Bͣ˲Śſ 7Ǐɞ-
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A pERK1/2* pAktEǴÝŋ̩#͢n=3-9 ͣ*** P<0.001** P<0.01* P<0.05 vs CORT
ǡƤʥ. 
 
3-4-5. ERK [Tk.ȖƎ÷/ʐʰ.ɄŇEAkt [Tk.ȖƎ÷/ɭ
ʓß÷*ʐʰ.ɄŇ.Ăǌ-̨ˠ)A 
 ERK* Akt[Tk.ȖƎ÷ģņ/ɭʓß÷*ɄŇE¿̖A*)ɣ?B
Aǣɥɷ)ˡ$B#ɭʓß÷˲Ś-±[Tk.ȖƎ÷.Żì/
ǒ)A!)Ċ[Tk.̵ŏéɭʓß÷*ʐʰ.ɄŇ-Aź͉
E˴4A*-#ERK1/2 E̦÷ARk`)A MEK1/2 .̵ŏé
U0126/˲ Śſ 3Ǐɞ* 7Ǐɞ-(ERK1/2.̦÷EƣæA*E
ɨ˱#͢Fig.3-7AB ͣ7#˲Śſ 7 Ǐɞ-( U0126 ->A GAD65/67
.ɖɀȤŜ˱:?B#¨ .Pßņ3.ź͉/ˡ?B,&#͢ Fig.3-
7AB ͣǌ)ʐʰɄŇȿ/˲ Śſ 7Ǐɞ-(ǝƖ,ȤŜEɪ#͢ Fig.3-
7E ͣʖ(Akt .ȗßņ)A PI3K .̵ŏé LY294002 .ƤE˗&#
LY294002 Ƥʥ)/˲Śſ 3 Ǐɞ* 7 Ǐɞ-(pAkt .ȤŜɨ˱B
#͢Fig.3-7CD ͣ7#.˲Śſ 3 Ǐɞ* 7 ǏɞB-(;ɭʓʐ
ʰ>2[kx]P͢DCXSyntaxinGAD65/67ͣ.ɖɀȤŜ˱:?B
A.-ŖH]iYJiP͢ GFAPͣ/˲Śſ 3Ǐɞ).8ɖɀȤŜE
ɨ˱#͢Fig.3-7CD ͣʐʰɄŇȿ)/˲Śſ 3 Ǐɞ* 7 Ǐɞ.B-
(;ǝƖ,ȤŜE˱:#͢Fig.3-7E ͣ«.ʔǨ?ERK[Tk/ʐʰ.
ɄŇ-Akt[Tk/ɭʓß÷*ʐʰ.ɄŇ-ő(A*ɪĜB# 
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Figure 3-7. ERK[Tk* Akt[Tk.̵ŏé eNSPCs.ß÷-Aź͉ 
ß÷˲Śſ 1Ǐɞ-U0126͢10 µMͣ7#/ LY294002͢10 µMͣEƤ#͢ Aͣ͢ Bͣ
˲Śſ 3Ǐɞ͢Aͣ* 7Ǐɞ͢Bͣ-A ERK1/2.̦÷ȺƘ*ĊɴPbr
S̀.ɖɀE WB->@ǴÝŋ̩#͢n=4-5 ͣ*** P<0.001 vs U0126ǡƤʥ͢Cͣ
͢Dͣ˲Śſ 3Ǐɞ͢Cͣ* 7Ǐɞ͢Dͣ. pAkt*PbrS̀.ɖɀzE˨
ǧ#͢n=3-5 ͣ*** P<0.001** P<0.01* P<0.05 vs LY294002ǡƤʥ.͢ Eͣ˲Śſ 3Ǐ
ɞ* 7Ǐɞ.ʐʰɄŇȿEMTT assay->@˨ǧ#͢n=6 ͣ*** P<0.001** P<0.01 vs 
control. 
 
3-4-6. IGF-I->A AktȖƎ÷.¿̖*CORT->Aɭʓß÷̾ŏ.ǖǿ 
 CORT ->Aɭʓß÷̾ŏ* ERKAkt [Tk.ȖƎƣæ*.̳¾Eǒ?
-A#:-[Tk.ȖƎ÷ģņ.1*')A IGF-I ->A]R
Ō͙E˗&#IGF-IüȻƤʥ)/ǡƤʥ-Ȉ4pERK1/2* pAktǑ
#͢Fig.3-8A ͣCORT.ŇĨ)/IGF-I->A ERK1/2.̦÷
¢̖/˱:?BAkt .̦÷.8 CORT üȻƤ-Ȉ4(ǝƖ,ǑE
ɪ#͢ Fig.3-8A ͣ7#IGF-IƤ/CORT.ǝȳ-̳D?DCX* Syntaxin
.ɖɀEĸñ #GFAP .ɖɀ-/ź͉E,&#͢Fig.3-8B ͣ,
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D%eNSPCs.ɭʓß÷)/ Akt[Tk̨ˠ,ÌE(@CORTǘ͂
->Aɭʓß÷̾ŏ/Č[Tk.ȖƎ÷->@ǀĞ)AĉʲƎA 
 
 
Figure 3-8. IGF-IƤ CORT->Aɭʓß÷̾ŏ-Aź͉ 
ɭʓß÷˲Ś. eNSPCs-Ŗ( CORT͢10 µMͣEƤ˲Śſ 1Ǐɞ-?-
IGF-I͢100 ng/mlͣEκñ#͢ Aͣ˲Śſ 7Ǐɞ-A ERK1/2* Akt.̦÷
zEWB->@˨ǧ#͢n=3-4 ͣ*** P<0.001** P<0.01 vs CORTIGF-IǡƤʥ. 
†† P<0.01͢Bͣ˲Śſ 7Ǐɞ.PbrS̀.ɖɀzEɪ#͢n=4 ͣ*** 
P<0.001* P<0.05 vs CORTIGF-IǡƤʥ. ††† P<0.001 †† P<0.01 
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3-5. ʨŕ 
 
3-5-1. GC->Aɭʓß÷ƣæ·Ɇ* GC.µ˥ĘƎĆŐ¶ GR 
 &Ȁ͒-A×ĨƎ. GC)A CORT/ɴ͒.ĆŐ¶͢MRGRͣ
-Ŗ(ʔċAGR. CORT-ŖA˥ĘƎ/MR-Ȉ4µ#:]i
],+)˕ CORTȮŰǑ#ȺȐ-(GR/ CORT*ʔċȖƎ
÷A*ʨ?B(A͢De kloet et al., 1998 ͣǣɥɷ)ǒ?*,&# CORT
->Aɭʓß÷ƣæ·Ɇ/10 µM*͜ȮŰ. CORTEǘ͂#Ĳċ-.8˦ŕ
BA*?B?.·Ɇ-/ GR*(̳A*ʨ?BA
͢Fig.3-3 ͣGR.̳E˴4A#:GRHbXl]i)A RU-486->A
̵ŏŌ͙E˯8#RU-486.üȻƤ->@ eNSPCs.ʐʰȁE˲ŚA
*D@Ǵ˭A*),&#͢data not shown ͣ!)GR-ȹ
-͜˥ĘƎEƯ'ċƝ GC)A DEXCORT*ČǸ.·ɆEɪǴ˭
#*CCORT>@µȮŰ͢0.1-10 µMͣ)ɭʓß÷ƣæ·ɆEǝA*
Eɨ˱)#͢Fig.3-4 ͣDEX. GR3.˥ĘƎCORT-Ȉ4ʌ 30Â)A
*EʨƚA*͢Kawata, 1995 ͣGC->Aɭʓß÷ƣæ·Ɇ/ GRE¦A
·Ɇ)A*ɪĜB# 
 ̌ūʐʰ̀-ŇĨ̇Ùģņ*(ÌĈÖə, GR͢cGRͣ.¨-ʐ
ʰ˂-ŞĨʐʰ×[Tkʓ̄EȖƎ÷A membrane-bound GR͢mGRͣ
.ŇĨıēB(AGCs-/Ƥſǅß?ǅǗ̲*ɤbJ]U
)̃Aǐ·Ɇ͢ʐʰ͛ǰ.ĺ÷<˂ĆŐ¶.MjYJi[],+ͣ
ŇĨA͢Tasker et al., 2006 ͣmGR/cAMP-PKAʓ̄< PKCʓ̄*&#
GbrS̀ÕŻĆŐ¶.ȗʓ̄EȖƎ÷A*)!# GCs.ǐ
·ɆE­¦(A*ʨ?B(A͢Yang et al., 2013 ͣmGR/Akt<
ERKp38JNK[TkEȖƎ÷A#[Tk.ȖƎ÷/ GC.
ƤſǅǗ̲«×-̃A͢Tasker et al., 2006 ͣ¥Ģ.Ō͙)/3Ǐ̲?
7Ǐ̲*ƙƎə- GCsEƤ#ſ.[Tkʋ3.ź͉E˨ǧ(A#:
mGR->AɟƷə,[Tkĺ÷.ź͉/Ŝ,*ʨ?BAǌ)mGR
->A[Tk.ĺ÷̇ÙȖƎEĺ÷ [Tk°̜ʋ-̮Ǡə,ź͉
EAĉʲƎ/ďŋ),#:Ǵ˭.ƇˠA*ƍDBA 
 
3-5-2. ɭʓß÷* ERKPI3K/Akt[Tk 
 ERK * PI3K/Akt [Tk.ȖƎ÷ģņEįĩ-κñA*)NSPCs .
ß÷<ɄŇ¿̖A*/ļ.ɥɷ?ǒ?)A͢Ishii et al., 2010; Liu 
et al., 2014; Nguyan et al., 2009; Qiao et al., 2012 ͣǣɥɷ)/!#ɭʓß÷E
¿̖AģņEĐ7,ß÷˲ŚįĩEɆ(NSPCs .˅ɖƎß÷E¿#
ˈĕȟ*-#˅ɖƎ.ß÷̛ɳ-(;ERK1/2* Akt͐ː-
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ȖƎ÷A*ǒ?*,&#͢Fig.3-5 ͣERK[Tk̵ŏé͢U0126ͣ.Ƥ
ʐʰɄŇȿEµ A*?ß÷-± ERK[Tk.ȖƎ÷/
ß÷̛ɳ-Aʐʰ.ɄŇʗƯ-Ƈˠ)A*ɪĜB#͢Fig.3-7 ͣ7#
U0126 DCX< SyntaxinGFAP*&#Pßņ.ɖɀ-ź͉A*,
GAD65/67 .ɖɀ.8Eµ #*?GABA ·öƎɭʓʐʰ3.ß
÷Ɲȵ-ȹɋə-̳(AĉʲƎA͢Fig.3-7 ͣB?.˚ɀĬ/˲
Śſ 7Ǐɞ-˦ŕBERK1/2.̦÷¢̖˲Śſ 5-7Ǐɞ-Ʉ(A
**>ˇ(Aǌ)PI3K/Akt[Tk̵ŏé͢LY294002ͣ/˲Ś
ſ 3Ǐɞ* 7Ǐɞ.ʐʰɄŇȿ*?-ɭʓʐʰ[kx]P.ɖɀE
ȤŜ A*?. Akt[TkȖƎ/ɭʓß÷*ɄŇ-őA*ʨ
?BA͢Fig.3-7 ͣB;Akt.̦÷Ǒ 3-5Ǐɞ*ǐǠ?Ʉ(
A**>ˇ(A«.ʔǨ?ß÷̛ɳ)ɄA ERK* PI3K/Akt
[Tk.ȖƎ÷/B?.[TkȖƎ÷ģņEĻ?κñ#Ĳċ*ČǸ
-ɭʓß÷ɄŇ-ǵ:(̨ˠ)A*ß&#.*?˅ɖə
,ß÷̛ɳ-A ERK >2 PI3K/Akt [Tk.ȖƎ÷/[TkȖƎ÷
ģņ.OiSJ7#/rSJ->@Ʉ(AĉʲƎʨ?BA 
 
3-5-3. GCs* ERKPI3K/Akt[Tk 
 GCs->A ERKPI3K/Akt[Tk.ƣæ·Ɇ/͛ˋʐʰ<ʁˋʐʰýȅ
ʐʰ,+Ǹ	,ʐʰɴ)ıēB(@ƞ	;ɭʓʐʰ-(ʹɈǦɭʓ
Ǭ͕ģņ͢BDNFͣ->A ERK[Tk.ȖƎ÷ƣæBA*Eıē(
A͢Sandari et al., 2004; Smith et al., 2005; Horsch et al., 2007; Gonzalez et al., 2010; 
Kumamaru et al., 2011 ͣB7) eNSPCs-ŖA GCs.ź͉/˴4?
B(,&#ǣɥɷ-(CORT ɭʓß÷. eNSPCs -A
[Tk.ȖƎ÷EƣæA*ǒ?*,&#.[Tkƣæ·Ɇ/
10 µM. CORTƤǗ-ɄAB/ɭʓß÷ƣæ·ɆɄAȮŰ*
ˇ(A͢Fig.3-6 ͣGCs eNSPCs.[TkȖƎ÷EƣæAPl^/
7$ǒ)A¨.ʐʰɴEɆ#Î˗ɥɷ)/ĆŐ¶d[Rk`
͢RTKsͣ->A[TkȖƎ÷·ɆE GCs ̵ŏA*/ıēB(A
͢Kumamaru et al., 2011; Kuo et al., 2012; Zou et al., 2015 ͣɭʓʐʰEɆ#Î˗ɥ
ɷ)/GCsBDNF. RTK)A TrkB* ERK[TkEȖƎ÷A Shp2
.ʔċE̵ŏA*)BDNF->A ERK[Tk.ȖƎ÷E̵ŏA*
ıēB(A͢Kumamaru et al., 2011 ͣGCs->A Akt[Tk.ƣæ/͛
ˋʐʰ*ʁˋʐʰ-(ıēB(A͢Kuo et al., 2012; Zou et al., 2015 ͣ
B?.ʐʰɴ)/GCs  p85α o.ɖɀEǑ A*)RTKs *
p110/p85ygcJ.ʔċEɽċ̵ŏ!.ʔǨ*(ȗ-A Akt[
Tk.ȖƎ÷̵ŏBAǣɥɷ)/RTKs)A Type I IGFĆŐ¶EȖƎ
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÷A IGF-IEƤ]RŌ͙E˗&#CORTǘ͂-( IGF-I
->A pERK1/2.Ǒ8?B,&#͢Fig.8a ͣB/CORT RTKs->
A ERK.[TkȖƎ÷ʓ̄E̵ŏ(A#:)AĉʲƎAǌ)
Akt.̦÷/CORTǘ͂); IGF-I->@Ǒ#͢Fig.8a ͣCORT->
A pAkt.ȤŜ/RTKsE¦#;.*/ã.Pl^E¦(AĉʲƎ
A¥ſÎ˗ɥɷ)ıēB#>,ßņǼǷ eNSPCs -(;ő
(A.Ǚ-Ǵ˭AƇˠA$C 
 
3-5-4. H]iYJiß÷* GCs 
 Î˗ɥɷ-(łŅǠ.ʤ-ŖA GCs.ƤʯÑʹ. GFAP.ɖɀE
ȤŜ H]iYJi->A˕ʄŒɢʔċ.ƝȵE̘? A*ıēB
(A͢Huang et al., 2001 ͣǣŌ͙ʋ-(;GC/ɭʓʐʰP$)
,GFAP .ɖɀ;ȤŜ #͢Fig. 3-3 ͣɭʓʐʰP*ɋ,@GFAP
.ɖɀȤŜ/Akt < ERK[TkƣæBA 10 µM >@µȮŰ. CORT )
;̃(@7#[Tk̵ŏé< IGF-I.Ƥ; GFAP.ɖɀ-/3Ǐɞ
. LY294002 ʥE̹ź͉ˡ?B,&#͢Fig.3-33-73-8 ͣ.*
?GCs->A GFAP.ɖɀȤŜ-/ERK1/2< Akt.ȖƎȤŜ*/ã.Pl
^ŇĨ(A*ʨ?BAGFAP.xb-/GR.ʔċj
J͢GREͣŇĨA*?GR->@ɟƷɖɀæƂEĆ(AĉʲƎ
ʨ?BA͢Gomes et al., 1999 ͣ¥ſ. GREŌ–- GFAP.ɖɀEn
QgIw-æƂ(A.Ǵ˭AƇˠA 
 
3-5-5. PI3K/Akt[Tk*WntHedgehog[Tk 
 B7).ɥɷ?GCs->AɭʓǋɄ.̾ŏ-Wnt[Tk* Hedgehog
[Tk.ƣæõǨ̳(AĉʲƎɪĜB(A͢Moors et al., 2012; 
Anacker et al., 2013 ͣB?.[Tkʓ̄-ñ¥Ģǋ#-GCs ->A
PI3K/Akt[Tkʓ̄.̵ŏ·Ɇɭʓß÷ƣæ-őAĉʲƎǒ?*,
&#PI3K/Akt[Tk-/Ǹ	,ȗʓ̄ŇĨAˈ ĕȟ*-Wnt
[Tk.PolPʓ̄)A Glycogen synthase kinase-3β͢GSK-3β /ͣβ-catenin
ʓ̄Akt ->@˴ǆBA*ɣ?B(ApAkt / GSK-3βE̦÷
!.Rk`ȖƎEƣæA*)β-catenin .ß˨E̵ŏβ-catenin -
>ȦÙE˲ŚA͢Katoh et al., 2006 ͣ?-GSK-3β/ hedgehog[Tk.
ȗßņ)A Gli Eƣæə-æƂA#:Wnt < Akt ->A GSK-3β .Ȗ
÷/hedgehog[TkEĸŷA*;ıēB(A͢Pan et al., 2006 ͣ
. PI3K/Akt/GSK-3βʓ̄/ʹĻÉE˽&#–-ȖƎ÷BƝ¶ɭʓǋɄE¿
̖A*?ɭʓǋɄ3.̨ˠƎɪĜB(A͢ Kisoh et al., 2017 ͣ7#
Ō–-͛ˋǸʐʰEɆ#Ō͙ʋ-(GCs PI3K/Akt/GSK-3β/β-cateninʓ̄
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EƣæA*ıēB(A͢Smith et al., 2005 ͣ?-GSK-3β«Ļ-
ɭʓǋɄ-̳A Akt.ȗbVei.1*'*(mTORƱ?BA
mTOR complex1/ Akt->@ȖƎ÷?-ȗ. p70S6K1/2* eIF4E.ȖƎ
÷E¦(̇ÙȖƎE˴ǆA͢Wang et al., 2017 ͣPI3K/Akt/mTORʓ̄/ǿũ
,ʹɖ̜-ĉǽ,[Tkʓ̄)@mTOR.ǽƻ/NSPCs.˅Ŧ˟˞*
ɭʓß÷E̾ŏś͍ɑEɖɑ A͢Ka et al., 2014; Wang et al., 2017 ͚ͣ
4*-mTOR.ȖƎ; GSK3β->@ƣæə-æƂBA#:GSK-3β.
Ȗ÷/ mTOR[TkEĸŷA͢Ka et al., 2014 ͣ.>-GCs.bV
ei*,A PI3K/AktWntHedgehog [Tk.ȗ-(GSK-3β E¦
AļǸ,[Tk°̜.S]iSŇĨAGCs.ɭʓß÷ƣæ·Ɇ.˰
ʐEɣA-/#[Tk°̜ʓ̄S]iS.1*'1*'+.>
-ɭʓǋɄ-ő(A.¥ſ.?,A˨ǧEƇˠ*A 
 
3-5-6. IGF-I* GCs 
 IGF-I/RTKs)A Type I IGFĆŐ¶.ȖƎ÷*!B-± ERKPI3K/Akt
[Tk.ȖƎ÷E¦(NSPC.ĸȃɄŇɭʓß÷>2[kx]ŹƝ
E¿̖A͢Ye and D’Ercole., 2006; Bondy and Cheng., 2004 ͣIGF-I/ǢǲƤ-
(;̨ʇ,ê·Ɇ.Ŝ,ģņ*B(@˕Ȟʹ̳̯E̛̒(ʹ-å
̜A#:ɭʓɖ̜̾ŏ.˒éÃ˝*(ȓɞB(A͢Vahdatpour et al., 
2016 ͣɀĨ̡ °Ǝ.ɭʓɖ̜̾ŏ)A RettɑÃʥEŖ˼*# IGF-I.Ȏ͙
˗DB(ARett ɑÃʥ/̡°ņĺɋ->A methyl-CpG-binding protein 2
͢MeCP2ͣ.Ǽʲǽľ->@ɖɑʉɭ̚öɖ̜̘Ȫ*˅̰ɑȺEĒAȓ
ɞ4*-öȸh*siļʲƎŬʐʰɈǦɭʓʐʰ.˨ǧ->@Rett
ɑÃʥ.ɭʓʐʰ)/PI3K/Akt/mTORʓ̄.ȖƎȤŜɄ[kx]ŹƝ
̾ŏB(A*ǒ?*,&(A͢Ricciardi S et al., 2011; Li Y et al., 2013 ͣ
?-IGF-I.ƤRettɑÃʥhöȸ-A[kx]̾ŏ*˗öňə
ɋũEǀĞA*ıēB(A͢ Castro et al., 2014 ͣB?̕.ɥɷ/
ȹŋ.[Tkɋũɭʓ̾ŏ*˗öňəɋũ.ÿģ*,@ƁA*Eɪ(
@?-/ʐʰ×[Tk˴ǆEİɜ*#Ȏɔ.ǝõƎEɪĜ(A
ǣɥɷ)/ɭʓɖ̜̾ŏ.Ƀķˠģ.1*')A GC ǘ͂Rett ɑÃʥ*
ČǸAkt[Tk.ȖƎȤŜ*ɭʓ[kx]P.ȤŜEų̃
*EˡÝ#7#!B?.ɭʓ̾ŏIGF-IƤ->@ǀĞA*Eɪ
#řǦə-/Rett ɑÃʥ<ǣɥɷ)ˡ$B# GC ǘ͂->A Akt[T
k.ȖƎµEİ˴ɐƘ*A¨.ɭʓɖ̜̾ŏ-(;ɥɷE̖:A*
)¹0 IGF-I Ƥ,+Õ̒.ʐʰ×[TkǀĞEɞə*#ȎɔȒ.̱
ɖĉʲ*,A;B, 
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ɾ 4ɼͦʚƮ 
 Ǜſ-ǣɥɷ.ƝǨ*¥ſ.şǟ-'(̎4A 
ɾ 2 ɼ)/̦÷]i]ǘ͂)ų̃BA ERK >2 p38 [Tkʓ
̄.ȖƎ÷ŒƷ-ɭʓʐʰȁ-̳(A*Eɪ#?-Pz
XB?.[TkEƣæɭʓÀ˺·ɆEɖƺA*Eǒ?-
#,D%̦÷]i]ɐƘ-ő(A*)ɣ?BA AD < PD ,
+.ɭʓĺƎɏƑ-(. ERK>2 p38[Tkʓ̄.̨ˠƎ!(
B?[Tk.ƣæõïEƯ'PzX. ADȎɔ˒*(.ǝɆƎEɪĜ
# 
ɾ 3ɼ)/GCǘ͂ɭʓß÷-± ERK>2 PI3K/Akt[Tkʓ̄.
ȖƎEƣæʔǨə-ɭʓß÷*ɄŇE̾ŏA*Eǒ?-#7#
PI3K/Akt .ȖƎ÷ģņ)A IGF-I .Ƥ->@GC ǘ͂->Aɭʓß÷̾ŏ
ǀĞA*Eǒ?-#B?.ʔǨ/ɭʓɖ̜̾ŏ.Ƀķˠģ)
A GC.ǘ͂.ƒź͉Eʐʰz)ǒ?-PI3K/Akt[TkȎɔ.b
Vei*(ǝõ)AĉʲƎEɪĜ(A 
ǣɥɷ)/ɭʓɏƑɐƘEØɀ# 2'. in vitrohʋEɆ(ʐʰ×
[Tk°̜.ɋũʐʰ̾ŏ.ÿģ*,&(A*Eǒ?-#7#
!#[Tk°̜ɋũEǖǿA*)̾ŏEǀĞA*)Aĉʲ
ƎEɪ#B?.hʋ-(Õ̒(ĺöˡ?B#[Tkʓ̄
*(ERK[Tkʓ̄ˡÝB#̦÷]i]ǘ͂*ɭʓß÷˲Ś.
B-(;ERK[Tk.ȖƎ÷͐ː)Aèʩ)/ʐʰȁE˲Ś
A.-Ŗſʩ)/ʐʰɄŇE¿̖(@ǿăŖ.ŻìEǨ#(A
*ß&#¥ſʐʰ×[Tk°̜ɋũ*ɭʓ̾ŏ.̳¾E˨ǧA
)ʐʰĻçȬ.̝-Ɖ(Č.ʐʰ×[Tkɋ,A˚ɀĬE˲Ś
AßņPl^E˨ǒAƇˠAȹ-ERK[Tk/ɭʓǬ͕ģņ
<ĸȃģņȰɑăƉ,+Ǹ	,ǥ®)ȖƎ÷A*ɣ?B(A#:
.Pl^.˰ʐ/ɐɂňəɄɂňə-;ǵ:(̨ˠ)A 
ɭʓɏƑ-/̡°əˠģ*Ƀķəˠģ˟ċə-·ɆD=Aļģņɏ
Ƒ*(ɐƘɖɀA;.ļǣɥɷ)/ɭʓɖ̜̾ŏ.Ƀķəˠģ.
'*( GC.ʯɄǘ͂-ɢɞɭʓ̾ŏ. in vitrohE·Ɲ#ˈĕ
ȟ*-̡°əˠģ͢MeCP2̡°ņ.ĺɋͣ->@ɭʓɖ̜̾ŏEɖɑA
RettɑÃʥ-(PI3K/Akt[Tkƣæ->Aɭʓß÷̾ŏ>2IGF-IƤ
->A˚ɀĬǀĞıēB(A(Ricciardi S et al., 2011; Li Y et al., 2013; Castro 
et al., 2014)B/ɋ,Aˠģ)&(;͢GCǘ͂7#/MeCP2̡°ņĺ
ɋ ͣÕ̒.ʐʰ×[Tk°̜ɋũ-̿ʌBA*)ČɐƘEų̃
ĉʲƎEɪĜ(Aȹ-ʐʰ×[Tk°̜.ɋũ/ɏƑɐƘ*̳̕
#ʐʰ̾ŏ.ɟƷəÿģ*,@ƁA#:ļģņɏƑ-(Õ̒#ʐʰɐƘ
  55 
EƶʎA–.̨ˠ,Ã˝.')A*˩A¥ſɭʓɏƑ.Ǹ	,ɖ
ɑh-(ʐʰ×[Tk°̜-ɢɞ#˨ǧE˗ɋ,Ah̲
)Õ̒A[TkɋũEˡÝ*)ǋ#,ȎɔbVei.ɖˡǠŽ)
A$C 
 
  
  56 
˷̊ 
ǣ˵ǈ.Įɿ>2ɥɷ3.ưŚò˩E˿@7#ǐɵɇĽň ɂŤň
˘̸ ǃƴ  ˾ǈÎɄ-Ɔ>@Ɨ˷ˇ7 
 
ǣɥɷ.̗˗>2˵ǈ.Įɿ-̳(ưŚ͇ƾE͊7#Ħɻʉ
ɭɭʓøɔɥɷ_b ɏɐɥɷɾ 3̤ ō̮ ȏŢƊŴÎɄ Č̤̮
ðÞșÎɄ-ȟƂɫɉ7 
 
Ǜſ-ǣɥɷE̖:A)Ɣ8,ûï*Ȗɖ,˹˵E(͊7#ǐɵ
ɇĽň>2ɏɐɥɷɾ 3̤.˶ÎɄǌʪĚ.ǌ>2ČǠ.ǌ-Ɨ˷ˇ7
 
 
  
  57 
āʨǈȽ 
 
Almeida RD, Manadas BJ, Melo CV, Gomes JR, Mendes CS, Grãos MM, Carvalho RF, 
Carvalho AP, Duarte CB (2005) Neuroprotection by BDNF against glutamate-
induced apoptotic cell death is mediated by ERK and PI3-kinase pathways. Cell 
Death Differ. 12, 1329-1343. 
Alonso, S.J., Arevalo, R., Afonso, D., Rodríguez, M (1991) Effects of maternal stress 
during pregnancy on forced swimming test behavior of the offspring. Physiol.Behav. 
50, 511–517. 
Anacker C, Cattaneo A, Luoni A, Musaelyan K, Zunszain PA, Milanesi E, Rybka J, Berry 
A, Cirulli F, Thuret S, Price J, Riva MA, Gennarelli M, Pariante CM (2013) 
Glucocorticoid-related molecular signaling pathways regulating hippocampal 
neurogenesis. Neuropsychopharmacology. 38, 872-883. 
Anand A, Patience AA, Sharma N, Khurana N. (2017) The present and future of 
pharmacotherapy of Alzheimer's disease: A comprehensive review. Eur J Pharmacol. 
815, 364-375. 
Anekonda TS, Quinn JF. (2011) Calcium channel blocking as a therapeutic strategy for 
Alzheimer's disease: the case for isradipine. Biochim Biophys Acta. 1812, 1584-
1590. 
Ascierto PA, Kirkwood JM, Grob JJ, Simeone E, Grimaldi AM, Maio M, Palmieri G, 
Testori A, Marincola FM, Mozzillo N (2012) The role of BRAF V600 mutation in 
melanoma. J Transl Med. 10, 85.  
Barber SC, Shaw PJ. (2010) Oxidative stress in ALS: key role in motor neuron injury and 
therapeutic target. Free Radic Biol Med. 48, 629–641. 
Baas HK, Schueler P. (2001) Efficacy of cabergoline in long-term use: results of three 
observational studies in 1,500 patients with Parkinson’s disease. Eur Neurol. 46, 18–
23. 
Barbazanges A, Piazza PV, Le Moal M, Maccari S. (1996) Maternal glucocorticoid 
secretion mediates long-term effects of prenatal stress. J Neurosci. 16, 3943-3949. 
Bergman K, Sarkar P, Glover V, O'Connor TG. (2010) Maternal prenatal cortisol and 
infant cognitive development: moderation by infant-mother attachment. Biol 
Psychiatry. 67, 1026-1032. 
Biglan KM, Oakes D, Lang AE, Hauser RA, Hodgeman K, Greco B, Lowell J, Rockhill 
R, Shoulson I, Venuto C, Young D, Simuni T. (2017) A novel design of a Phase III 
trial of isradipine in early Parkinson disease (STEADY-PD III). Ann Clin Transl 
Neurol. 4, 360-368. 
Bingham, B.C., Rani, C.S.S., Frazer, A., Strong, R., Morilak, D.A (2013) Exogenous 
  58 
prenatal corticosterone exposure mimics the effects of prenatal stress on adult brain 
stress response systems and fear extinction behavior. Psychoneuroendocrinology. 38, 
27462757. 
Bolten MI, Wurmser H, Buske-Kirschbaum A, Papoušek M, Pirke KM, Hellhammer D. 
(2011) Cortisol levels in pregnancy as a psychobiological predictor for birth weight. 
Arch Womens Ment Health. 14, 33-41. 
Bondy CA, Cheng CM. (2004) Signaling by insulin-like growth factor 1 in brain. Eur J 
Pharmacol. 490, 25-31. 
Braun T, Challis JR, Newnham JP, Sloboda DM (2013) Early-life glucocorticoid 
exposure: the hypothalamic-pituitary-adrenal axis, placental function, and long-term 
disease risk. Endocr Rev. 34, 885-916. 
Buss C, Davis EP, Muftuler LT, Head K, Sandman CA. (2010) High pregnancy anxiety 
during mid-gestation is associated with decreased gray matter density in 6-9-year-
old children. Psychoneuroendocrinology. 35, 141-153. 
Castro J, Garcia RI, Kwok S, Banerjee A, Petravicz J, Woodson J, Mellios N, Tropea D, 
Sur M. (2014) Functional recovery with recombinant human IGF1 treatment in a 
mouse model of Rett Syndrome. Proc Natl Acad Sci U S A. 111, 9941-9946. 
Chau KY, Korlipara LV, Cooper JM, Schapira AH. (2009) Protection against paraquat and 
A53T alpha-synuclein toxicity by cabergoline is partially mediated by dopamine 
receptors. J Neurol Sci. 278, 44–53. 
Chiba S, Numakawa T, Ninomiya M, Yoon HS, Kunugi H. (2010) Cabergoline, a 
dopamine receptor agonist, has an antidepressant-like property and enhances brain-
derived neurotrophic factor signaling. Psychopharmacology (Berl). 211, 291–301. 
Choi DW. (1995) Calcium still center-stage in hypoxic-ischemic neuronal death. Trends 
Neurosci. 18, 58–60. 
Crino PB, Jin H, Shumate MD, Robinson MB, Coulter DA, Brooks-Kayal AR. (2002) 
Increased expression of the neuronal glutamate transporter (EAAT3/EAAC1) in 
hippocampal and neocortical epilepsy. Epilepsia. 43, 211-218. 
Crossthwaite AJ, Hasan S, Williams RJ. (2002) Hydrogen peroxide-mediated 
phosphorylation of ERK1/2, Akt/PKB and JNK in cortical neurones: dependence on 
Ca(2+) and PI3-kinase. J Neurochem. 80, 24–35. 
Crowther CA, Doyle LW, Haslam RR, Hiller JE, Harding JE, Robinson JS; ACTORDS 
Study Group (2007) Outcomes at 2 years of age after repeat doses of antenatal 
corticosteroids. N Engl J Med. 357, 1179-1189. 
Curran MP, Perry CM. (2004) Cabergoline : a review of its use in the treatment of 
Parkinson’s disease. Drugs. 64, 2125–2141. 
Dedovic K, Ngiam J. (2015) The cortisol awakening response and major depression: 
  59 
examining the evidence. Neuropsychiatr Dis Treat. 11, 1181-1189. 
De Kloet ER, Vreugdenhil E, Oitzl MS, Joëls M. (1998) Brain corticosteroid receptor 
balance in health and disease. Endocr Rev. 19, 269-301. 
Enslen H, Tokumitsu H, Stork PJ, Davis RJ, Soderling TR. (1996) Regulation of mitogen-
activated protein kinases by a calcium/calmodulin-dependent protein kinase cascade. 
Proc Natl Acad Sci U S A. 93, 10803-10808. 
Entringer S, Buss C, Kumsta R, Hellhammer DH, Wadhwa PD, Wüst S. (2009) Prenatal 
psychosocial stress exposure is associated with subsequent working memory 
performance in young women. Behav Neurosci. 123, 886-893. 
Fan LW, Pang Y. (2017) Dysregulation of neurogenesis by neuroinflammation: key 
differences in neurodevelopmental and neurological disorders. Neural Regen Res. 
12, 366-371. 
Feelders RA, Hofland LJ. (2013) Medical treatment of Cushing’s disease. J Clin 
Endocrinol Metab. 98, 425–438. 
Feld M, Krawczyk MC, Sol Fustiñana M, Blake MG, Baratti CM, Romano A, Boccia 
MM. (2014) Decrease of ERK/MAPK overactivation in prefrontal cortex reverses 
early memory deficit in a mouse model of Alzheimer's disease. J Alzheimers Dis. 40, 
69-82. 
Feng Y, Wang X. (2012) Antioxidant therapies for Alzheimer’s disease. Oxid Med Cell 
Longev. 2012, 472932. 
French NP, Hagan R, Evans SF, Mullan A, Newnham JP (2004) Repeated antenatal 
corticosteroids: effects on cerebral palsy and childhood behavior. Am J Obstet 
Gynecol. 190, 588-595. 
Gan X, Huang S, Wu L, Wang Y, Hu G, Li G, Zhang H, Yu H, Swerdlow RH, Chen JX, 
Yan SS. (2014) Inhibition of ERK-DLP1 signaling and mitochondrial division 
alleviates mitochondrial dysfunction in Alzheimer's disease cybrid cell. Biochim 
Biophys Acta. 1842, 220-231. 
Goedhart G, Vrijkotte TG, Roseboom TJ, van der Wal MF, Cuijpers P, Bonsel GJ. (2010) 
Maternal cortisol and offspring birthweight: results from a large prospective cohort 
study. Psychoneuroendocrinology. 35, 644-652. 
Gomes FC, Paulin D, Moura Neto V (1999) Glial fibrillary acidic protein (GFAP): 
modulation by growth factors and its implication in astrocyte differentiation. Braz J 
Med Biol Res. 32, 619-631. 
González R, Ruiz-León Y, Gomendio M, Roldan ER (2010) The effect of glucocorticoids 
on ERK-1/2 phosphorylation during maturation of lamb oocytes and their 
subsequent fertilization and cleavage ability in vitro. Reprod Toxicol. 29, 198-205. 
Guillet B, Lortet S, Masmejean F, Samuel D, Nieoullon A, et al. (2002) Developmental 
  60 
expression and activity of high affinity glutamate transporters in rat cortical primary 
cultures. Neurochem Int. 40, 661–671. 
Hauser DN, Hastings TG. (2013) Mitochondrial dysfunction and oxidative stress in 
Parkinson’s disease and monogenic parkinsonism. Neurobiol Dis. 51, 35–42.  
Himi T, Ikeda M, Yasuhara T, Nishida M, Morita I. (2003) Role of neuronal 
glutamate transporter in the cysteine uptake and intracellular glutathione 
levels in cultured cortical neurons. J Neural Transm. 110, 1337–1348. 
Horsch K, de Wet H, Schuurmans MM, Allie-Reid F, Cato AC, Cunningham J, 
Burrin JM, Hough FS, Hulley PA (2007) Mitogen-activated protein kinase 
phosphatase 1/dual specificity phosphatase 1 mediates glucocorticoid 
inhibition of osteoblast proliferation. Mol Endocrinol. 21, 2929-2940. 
Huang WL, Harper CG, Evans SF, Newnham JP, Dunlop SA. (2001) Repeated 
prenatal corticosteroid administration delays astrocyte and capillary tight 
junction maturation in fetal sheep. Int J Dev Neurosci. 19, 487-493. 
Jackson DM, Westlind-Danielsson A. (1994) Dopamine receptors: molecular biology, 
biochemistry and behavioural aspects. Pharmacol Ther. 64, 291-370. 
Jara JH, Singh BB, Floden AM, Combs CK (2007) Tumor necrosis factor alpha 
stimulates NMDA receptor activity in mouse cortical neurons resulting in ERK-
dependent death. J Neurochem. 100, 1407-1420. 
Ji YF, Zhou L, Xie YJ, Xu SM, Zhu J, Teng P, Shao CY, Wang Y, Luo JH, Shen Y. (2013) 
Upregulation of glutamate transporter GLT-1 by mTOR-Akt-NF-кB cascade in 
astrocytic oxygen-glucose deprivation. Glia. 61, 1959-1975. 
Johnson GL, Lapadat R. (2002) Mitogen-activated protein kinase pathways mediated by 
ERK, JNK, and p38 protein kinases. Science. 298, 1911–1912. 
Johri A, Beal MF. (2012) Antioxidants in Huntington’s disease. Biochim Biophys Acta. 
1822, 664–674.  
Irving EA, Bamford M. (2002) Role of mitogen- and stress-activated kinases in 
ischemic injury. J Cereb Blood Flow Metab. 22, 631–647. 
Ishii S, Okada Y, Kadoya T, Matsuzaki Y, Shimazaki T, Okano H. (2010) Stromal 
cell-secreted factors promote the survival of embryonic stem cell-derived 
early neural stem/progenitor cells via the activation of MAPK and PI3K-Akt 
pathways. J Neurosci Res. 88, 722-734. 
Kalampokas T, Creatsas G, Kalampokas E. (2013) Cabergoline as treatment of 
ovarian hyperstimulation syndrome: a review. Gynecol Endocrinol. 29, 98–
100. 
Kaneko T, Fujiyama F. (2002) Complementary distribution of vesicular glutamate 
transporters in the central nervous system. Neurosci Res. 42, 243–250. 
  61 
Katoh M, Katoh M (2006) Cross-talk of WNT and FGF signaling pathways at 
GSK3beta to regulate beta-catenin and SNAIL signaling cascades. Cancer 
Biol Ther. 5, 1059-1064. 
Katz M, Amit I, Yarden Y (2007) Regulation of MAPKs by growth factors and 
receptor tyrosine kinases. Biochim Biophys Acta. 1773, 1161-1176. 
Kisoh K, Hayashi H, Itoh T, Asada M, Arai M, Yuan B, Tanonaka K, Takagi N 
(2017) Involvement of GSK-3β Phosphorylation Through PI3-K/Akt in 
Cerebral Ischemia-Induced Neurogenesis in Rats. Mol Neurobiol. 54, 7917-
7927.  
Ka M, Condorelli G, Woodgett JR, Km WY (2014) mTOR regulates brain 
morphogenesis by mediating GSK3 signaling. Development. 141, 4076-4086. 
Kanagawa, T., Tomimatsu, T., Hayashi, S., Shioji, M., Fukuda, H., Shimoya, K., 
Murata,Y (2006) The effects of repeated corticosteroid administration on the 
neurogenesis in the neonatal rat. Am. J. Obstet. Gynecol. 194, 231–238. 
Kawata M. (1995) Roles of steroid hormones and their receptors in structural 
organization in the nervous system. Neurosci. Res. 24, 1–46.  
Khan ZU, Koulen P, Rubinstein M, Grandy DK, Goldman-Rakic PS. (2001) An 
astroglia-linked dopamine D2-receptor action in prefrontal cortex. Proc Natl 
Acad Sci U S A. 98, 1964-1969. 
Kitamura Y, Kohno Y, Nakazawa M, Nomura Y. (1997) Inhibitory effects of 
talipexole and pramipexole on MPTP-induced dopamine reduction in the 
striatum of C57BL/6N mice. Jpn J Pharmacol. 74, 51-57. 
Kitamura Y, Kosaka T, Kakimura JI, Matsuoka Y, Kohno Y, Nomura Y, Taniguchi 
T. (1998) Protective effects of the antiparkinsonian drugs talipexole and 
pramipexole against 1-methyl-4-phenylpyridinium-induced apoptotic death 
in human neuroblastoma SH-SY5Y cells. Mol Pharmacol. 54, 1046-1054. 
Kuo T, Lew MJ, Mayba O, Harris CA, Speed TP, Wang JC (2012) Genome-wide 
analysis of glucocorticoid receptor-binding sites in myotubes identifies gene 
networks modulating insulin signaling. Proc Natl Acad Sci U S A. 109, 11160-
11165. 
Kvernmo T, Hartter S, Burger E. (2006) A review of the receptor-binding and 
pharmacokinetic properties of dopamine agonists. Clin Ther. 28, 1065–1078. 
Lee Y, Aono M, Laskowitz D, Warner DS, Pearlstein RD. (2004) Apolipoprotein E 
protects against oxidative stress in mixed neuronal-glial cell cultures by 
reducing glutamate toxicity. Neurochem Int. 44, 107–118. 
Liu F, Xuan A, Chen Y, Zhang J, Xu L, Yan Q, Long D. (2014) Combined effect of 
nerve growth factor and brainderived neurotrophic factor on neuronal 
  62 
differentiation of neural stem cells and the potential molecular mechanisms. 
Mol Med Rep. 10, 1739-1745. 
Li Y, Gonzalez P, Zhang L. (2012) Fetal stress and programming of 
hypoxic/ischemic-sensitive phenotype in the neonatal brain: mechanisms and 
possible interventions. Prog Neurobiol. 98, 145-165. 
Li Y, Wang H, Muffat J, Cheng AW, Orlando DA, Lovén J, Kwok SM, Feldman 
DA, Bateup HS, Gao Q, Hockemeyer D, Mitalipova M, Lewis CA, Vander 
Heiden MG, Sur M, Young RA, Jaenisch R. (2013) Global transcriptional and 
translational repression in human-embryonic-stem-cell-derived Rett 
syndrome neurons. Cell Stem Cell. 13, 446-458. 
Lombardi G, Varsaldi F, Miglio G, Papini MG, Battaglia A, et al. Cabergoline 
prevents necrotic neuronal death in an in vitro model of oxidative stress. Eur 
J Pharmacol. 457, 95–98. 
Lordi, B., Patin, V., Protais, P., Mellier, D., Caston, J (2000) Chronic stress in 
pregnant rats: effects on growth rate, learning, and memory capabilities of 
the offspring. Int. J. Psychophysiol. 37, 195–205. 
Lu Z, Xu S. (2006) ERK1/2 MAP kinases in cell survival and apoptosis. IUBMB 
Life. 58 621-631. 
Mailly F, Marin P, Israel M, Glowinski J, Premont J. (1999) Increase in external 
glutamate and NMDA receptor activation contribute to H2O2-induced 
neuronal apoptosis. J Neurochem. 73, 1181–1188. 
Mairesse J, Lesage J, Breton C, Bréant B, Hahn T, Darnaudéry M, Dickson SL, 
Seckl J, Blondeau B, Vieau D, Maccari S, Viltart O. (2007) Maternal stress 
alters endocrine function of the feto-placental unit in rats. Am J Physiol 
Endocrinol Metab. 292, E1526-E1533. 
Miglio G, Varsaldi F, Francioli E, Battaglia A, Canonico PL, et al. (2004) 
Cabergoline protects SH-SY5Y neuronal cells in an in vitro model of 
ischemia. Eur J Pharmacol. 489, 157–165. 
Moors M, Bose R, Johansson-Haque K, Edoff K, Okret S, Ceccatelli S. (2012) 
Dickkopf 1 mediates glucocorticoid-induced changes in human neural 
progenitor cell proliferation and differentiation. Toxicol Sci. 125, 488-495. 
Mueller D, Porter JT, Quirk GJ. (2008) Noradrenergic signaling in infralimbic 
cortex increases cell excitability and strengthens memory for fear extinction. 
J Neurosci. 28, 369-375. 
Munoz L, Ralay Ranaivo H, Roy SM, Hu W, Craft JM, McNamara LK, Chico LW, 
Van Eldik LJ, Watterson DM. (2007) A novel p38 alpha MAPK inhibitor 
suppresses brain proinflammatory cytokine up-regulation and attenuates 
  63 
synaptic dysfunction and behavioral deficits in an Alzheimer's disease mouse 
model. J Neuroinflammation. 4, 21. 
Nguyen N, Lee SB, Lee YS, Lee KH, Ahn JY. (2009) Neuroprotection by NGF and 
BDNF against neurotoxin-exerted apoptotic death in neural stem cells are 
mediated through Trk receptors, activating PI3-kinase and MAPK pathways. 
Neurochem Res. 34, 942-951. 
Noorlander, C.W., Tijsseling, D., Hessel, E.V.S., De Vries, W.B., Derks, J.B., 
Visser, G.H.A,De Graan, P.N.E (2014). Antenatal glucocorticoid treatment 
affects hippocampal development in mice. PLOS ONE. 9, e85671. 
Noorlander CW, Visser GH, Ramakers GM, Nikkels PG, de Graan PN (2008) 
Prenatal corticosteroid exposure affects hippocampal plasticity and reduces 
lifespan. Dev Neurobiol. 68, 237-246. 
Noriko O, Nannan G. Impaired Neurogenesis as a Risk Factor for Schizophrenia 
and Related Mental Diseases. Neurogenesis in the Adult Brain II. pp 109-131 
Numakawa T, Adachi N, Richards M, Chiba S, Kunugi H. (2013) Brain-derived 
neurotrophic factor and glucocorticoids: reciprocal influence on the central 
nervous system. Neuroscience. 239, 157–172. 
Numakawa T, Matsumoto T, Numakawa Y, Richards M, Yamawaki S, Kunugi H. (2011) 
Protective Action of Neurotrophic Factors and Estrogen against Oxidative Stress-
Mediated Neurodegeneration. J Toxicol. 2011, 405194. 
O'Donnell KJ, Bugge Jensen A, Freeman L, Khalife N, O'Connor TG, Glover V. (2012) 
Maternal prenatal anxiety and downregulation of placental 11β-HSD2. 
Psychoneuroendocrinology. 37, 818-826. 
O'Neill MJ, Hicks CA, Ward MA, Cardwell GP, Reymann JM, Allain H, Bentué-Ferrer 
D. (1998) Dopamine D2 receptor agonists protect against ischaemia-induced 
hippocampal neurodegeneration in global cerebral ischaemia. Eur J Pharmacol. 352, 
37-46. 
Pan Y, Bai CB, Joyner AL, Wang B (2006) Sonic hedgehog signaling regulates 
Gli2 transcriptional activity by suppressing its processing and degradation. 
Mol Cell Biol. 26, 3365-3377. 
Peng S, Zhang Y, Zhang J, Wang H, Ren B. (2010) ERK in learning and memory: a 
review of recent research. Int J Mol Sci. 11, 222-232. 
Perry G, Roder H, Nunomura A, Takeda A, Friedlich AL, Zhu X, Raina AK, Holbrook N, 
Siedlak SL, Harris PL, Smith MA. (1999) Activation of neuronal extracellular 
receptor kinase (ERK) in Alzheimer disease links oxidative stress to abnormal 
phosphorylation. Neuroreport. 10, 2411-2415. 
Pradeep H, Diya JB, Shashikumar S, Rajanikant GK. (2012) Oxidative stress -assassin 
  64 
behind the ischemic stroke. Folia Neuropathol. 50, 219–230. 
Qiao J, Paul P, Lee S, Qiao L, Josifi E, Tiao JR, Chung DH. (2012) PI3K/AKT and ERK 
regulate retinoic acid-induced neuroblastoma cellular differentiation. Biochem 
Biophys Res Commun. 424, 421-426. 
Resink A, Villa M, Boer GJ, Mohler H, Balazs R. (1995) Agonist-induced 
downregulation of NMDA receptors in cerebellar granule cells in culture. Eur J 
Neurosci. 7, 1700–1706. 
Ricciardi S, Boggio EM, Grosso S, Lonetti G, Forlani G, Stefanelli G, Calcagno E, 
Morello N, Landsberger N, Biffo S, Pizzorusso T, Giustetto M, Broccoli V. (2011) 
Reduced AKT/mTOR signaling and protein synthesis dysregulation in a Rett 
syndrome animal model. Hum Mol Genet. 20, 1182-1196. 
Romera C, Hurtado O, Botella SH, Lizasoain I, Cárdenas A, Fernández-Tomé P, Leza JC, 
Lorenzo P, Moro MA. (2004) In vitro ischemic tolerance involves upregulation of 
glutamate transport partly mediated by the TACE/ADAM17-tumor necrosis factor-
alpha pathway. J Neurosci. 24, 1350-1357. 
Rothstein JD, Dykes-Hoberg M, Pardo CA, Bristol LA, Jin L, et al. (1996) Knockout of 
glutamate transporters reveals a major role for astroglial transport in excitotoxicity 
and clearance of glutamate. Neuron. 16, 675–686. 
Roy MS, Roy A, Gallucci WT, Collier B, Young K, Kamilaris TC, Chrousos GP. (1993) 
The ovine corticotropin-releasing hormone-stimulation test in type I diabetic patients 
and controls: suggestion of mild chronic hypercortisolism. Metabolism. 42, 696-700. 
Saito S, Kimura S, Adachi N, Numakawa T, Ogura A, Tominaga-Yoshino K. (2016) An in 
vitro reproduction of stress-induced memory defects: Effects of corticoids on 
dendritic spine dynamics. Sci Rep. 6, 19287. 
Salomon, S., Bejar, C., Schorer-Apelbaum, D., Weinstock, M (2011) Corticosterone 
mediates some but not other behavioural changes induced by prenatal stress in rats. 
J. Neuroendocrinol. 23, 118–128 
Samanta S, Perkinton MS, Morgan M, Williams RJ. (1998) Hydrogen peroxide enhances 
signal-responsive arachidonic acid release from neurons: role of mitogen-activated 
protein kinase. J Neurochem. 70, 2082–2090. 
Samatar AA, Poulikakos PI. (2014) Targeting RAS-ERK signalling in cancer: promises 
and challenges. Nat Rev Drug Discov. 13, 928-942. 
Sandri M, Sandri C, Gilbert A, Skurk C, Calabria E, Picard A, Walsh K, Schiaffino S, 
Lecker SH, Goldberg AL (2004) Foxo transcription factors induce the atrophy-
related ubiquitin ligase atrogin-1 and cause skeletal muscle atrophy. Cell. 117, 399-
412. 
Sapolsky RM, Romero LM, Munck AU. (2000) How do glucocorticoids influence stress 
  65 
responses? Integrating permissive, suppressive, stimulatory, and preparative actions. 
Endocr Rev. 21, 55-89. 
Sato T, Shimazaki T, Naka H, Fukami S, Satoh Y, Okano H, Lax I, Schlessinger J, Gotoh 
N. (2010) FRS2α regulates Erk levels to control a self-renewal target Hes1 and 
proliferation of FGF-responsive neural stem/progenitor cells. Stem Cells. 28, 1661-
1673. 
Sawamoto A, Okuyama S, Yamamoto K, Amakura Y, Yoshimura M, Nakajima M, 
Furukawa Y. (2016) 3,5,6,7,8,3',4'-Heptamethoxyflavone, a Citrus Flavonoid, 
Ameliorates Corticosterone-Induced Depression-like Behavior and Restores Brain-
Derived Neurotrophic Factor Expression, Neurogenesis, and Neuroplasticity in the 
Hippocampus. Molecules. 21, 541. 
Schinder AF, Olson EC, Spitzer NC, Montal M. (1996) Mitochondrial dysfunction is a 
primary event in glutamate neurotoxicity. J Neurosci 16, 6125–6133. 
Schneider, M.L., Moore, C.F., Kraemer, G.W., Roberts, A.D., DeJesus, O.T (2002) The 
impact of prenatal stress, fetal alcohol exposure, or both on development: 
perspectives from a primate model. Psychoneuroendocrinology 27, 285–298. 
Scholz H, Trenkwalder C, Kohnen R, Riemann D, Kriston L, et al. (2011) Dopamine 
agonists for restless legs syndrome. Cochrane Database Syst Rev. 16, CD006009. 
Selye H. (1936) A syndrome produced by diverse nocuous agents. Nature. 138, 32. 
Selye H. (1956) The stress of life. McGraw-Hill Book Co. 
Selye H. (1976) Stress in health and disease Butterworth’s, Inc. 
Smith E, Frenkel B (2005) Glucocorticoids inhibit the transcriptional activity of 
LEF/TCF in differentiating osteoblasts in a glycogen synthase kinase-3beta-
dependent and -independent manner. J Biol Chem. 280, 2388-2394. 
Smith SM, Vale WW. (2006) The role of the hypothalamic-pituitary-adrenal axis in 
neuroendocrine responses to stress. Dialogues Clin Neurosci. 8, 383-395. 
Stanciu M, Wang Y, Kentor R, Burke N, Watkins S, et al. (2000) Persistent activation of 
ERK contributes to glutamate-induced oxidative toxicity in a neuronal cell line and 
primary cortical neuron cultures. J Biol Chem. 275, 12200–12206. 
Sternberg EM. (2001) Neuroendocrine regulation of autoimmune/inflammatory disease. J 
Endocrinol. 169, 429-435. 
Streeten DH. (1993) Is hypothalamic-pituitary-adrenal hyperactivity important in the 
pathogenesis of excessive abdominal fat distribution? J Clin Endocrinol Metab.77, 
339-340. 
Surmeier DJ, Halliday GM, Simuni T. (2017) Calcium, mitochondrial dysfunction and 
slowing the progression of Parkinson's disease. Exp Neurol. 298, 202-209. 
Szabo S, Tache Y, Somogyi A. (2012) The legacy of Hans Selye and the origins of stress 
  66 
research: a retrospective 75 years after his landmark brief "letter" to the editor# of 
nature. Stress. 15, 472-478. 
Takeuchi Y, Fukunaga K. (2004) Different activation of NF-kappaB by stimulation of 
dopamine D2L and D2S receptors through calcineurin activation. J Neurochem. 90, 
155-163. 
Tasker JG, Di S, Malcher-Lopes R. (2006) Minireview: rapid glucocorticoid signaling via 
membrane-associated receptors. Endocrinology. 147, 5549-5556. 
Tsigos C, Young RJ, White A. (1993) Diabetic neuropathy is associated with increased 
activity of the hypothalamic-pituitary-adrenal axis. J Clin Endocrinol Metab. 76, 
554-558. 
Vahdatpour C, Dyer AH, Tropea D. (2016) Insulin-Like Growth Factor 1 and Related 
Compounds in the Treatment of Childhood-Onset Neurodevelopmental Disorders. 
Front Neurosci. 10, 450. 
Wadhwa PD, Sandman CA, Porto M, Dunkel-Schetter C, Garite TJ. (1993) The 
association between prenatal stress and infant birth weight and gestational age at 
birth: a prospective investigation. Am J Obstet Gynecol. 169, 858-865. 
Waltereit R, Weller M. (2003) Signaling from cAMP/PKA to MAPK and synaptic 
plasticity. Mol Neurobio 27, 99-106. 
Wang AT, Mullan RJ, Lane MA, Hazem A, Prasad C, et al. (2012) Treatment of 
hyperprolactinemia: a systematic review and meta-analysis. Syst Rev. 1, 33. 
Wang L, Zhou K, Fu Z, Yu D, Huang H, Zang X, Mo X (2017) Brain Development and 
Akt Signaling: the Crossroads of Signaling Pathway and Neurodevelopmental 
Diseases. J Mol Neurosci. 61, 379-384. 
Wilcoxon, J.S., Redei, E.E (2007) Maternal glucocorticoid deficit affects hypothalamic-
pituitary-adrenal function and behavior of rat offspring. Horm. Behav. 51, 321–327. 
Wright RL, Lightner EN, Harman JS, Meijer OC, Conrad CD. (2006) Attenuating 
corticosterone levels on the day of memory assessment prevents chronic stress-
induced impairments in spatial memory. Eur J Neurosci. 24, 595-605. 
Yang S, Roselli F, Patchev AV, Yu S, Almeida OF. (2013) Non-receptor-tyrosine kinases 
integrate fast glucocorticoid signaling in hippocampal neurons. J Biol Chem. 16, 
23725-23739. 
Yasuda S, Sugiura H, Tanaka H, Takigami S, Yamagata K. (2011) p38 MAP kinase 
inhibitors as potential therapeutic drugs for neural diseases. Cent Nerv Syst Agents 
Med Chem. 11, 45-59. 
Ye P, D'Ercole AJ. (2006) Insulin-like growth factor actions during development of neural 
stem cells and progenitors in the central nervous system. J Neurosci Res. 83, 1-6. 
Yoshioka M, Tanaka Ki, Miyazaki I, Fujita N, Higashi Y, et al. (2002) The dopamine 
  67 
agonist cabergoline provides neuroprotection by activation of the glutathione system 
and scavenging free radicals. Neurosci Res. 43, 259–267. 
Young EA, Carlson NE, Brown MB. (2001) Twenty-four-hour ACTH and cortisol 
pulsatility in depressed women. Neuropsychopharmacology. 25(2): 267-276. 
Zagron G, Weinstock M. (2006) Maternal adrenal hormone secretion mediates 
behavioural alterations induced by prenatal stress in male and female rats. Behav 
Brain Res. 175, 323-328. 
Zou W, Yang S, Zhang T, Sun H, Wang Y, Xue H, Zhou D (2015) Hypoxia enhances 
glucocorticoid-induced apoptosis and cell cycle arrest via the PI3K/Akt signaling 
pathway in osteoblastic cells. J Bone Miner Metab. 33, 615-624. 
þɄôÌɡ ¤ćöƘ˴ǫ ŪƝ 29ūƞĦ.¤ćöƘ͢ŪƝ 27ū7).ö
Ďͣhttp://www.mhlw.go.jp/toukei/list/dl/81-1a2.pdf 
þɄôÌɡ Ƒʩ˴ǫ http://www.mhlw.go.jp/file/05-Shingikai-12201000-
Shakaiengokyokushougaihokenfukushibu-Kikakuka/0000108755_12.pdf 
 
 
  
 

_|sMO @LpO O2t x}e`
gD S f     A
	 V 	 a oJ
{:   D  u)uYD  u)uVa  DtE0
\   
 
 
 
 
 
 
 
 
 
 
 
 
k 
I7 
 
 
 
 
 
 
 
 
 
0 
\ 
 
(1)  da1a H, N:3a1awa T, Y58./3:7a A, Na1a0/3a S, Ada)./ N,  58./3a Y, I45:e T, K:4:-/ 
H. C.754/) -2:)5)579/)5/d ex658:7e 8:667e88ed 9.e d/,,e7e49/a9/54 a4d 8:7v/va2 5, e3(7y54/) 
4e:7a2 89e3/675-e4/957 )e228: P588/(2e /4v52ve3e49 5, ERK a4d PI3K/A19 8/-4a2/4- /4 9.e 
4e:754a2 d/,,e7e49/a9/54. Neurosci Res. 113, 28-36, 2016. 
(2)  da1a H, N:3a1awa T, Ada)./ N,  58./3a Y, Na1a0/3a S, Ka9a4:3a Y, I45:e T, K:4:-/ 
H. Ca(e7-52/4e, a d56a3/4e D2 7e)e6957 a-54/89, 67eve498 4e:754a2 )e22 dea9. :4de7 5x/da9/ve 
897e88 v/a 7ed:)/4- ex)/9595x/)/9y, PLoS One. 6, e99271, 2014. 
 
(1)  da1a H, Ada)./ N, N:3a1awa T. I36a)9 5, -2:)5)579/)5/d 54 4e:75-e4e8/8. Neural Regen 
Res. 12, 1028-1035, 2017. 
(2) N:3a1awa T, R/).a7d8 M, Na1a0/3a S, Ada)./ N, F:7:9a M,  da1a H, K:4:-/ H. T.e 752e 5, 
(7a/4-de7/ved 4e:759756./) ,a)957 /4 )5357(/d de67e88/54: 6588/(2e 2/41a-e w/9. 89e75/d 
.57354e8, )y951/4e8, a4d 4:97/9/54. Frontiers in Psychiatry. 5, 136, 2014. 
 
(1) S fhU XWP wfMT jN,T Fmh 3/.+ \ 
;8i 	KMv$*'(.R1 &%(*"( D2BQ42
y6<dc
 ~ 57H^by=O1M12014V 9a-10a 
(2)  da1a H, N:3a1awa T, Y58./3:7a A, Ada)./ N, Na1a0/3a S, E7a T, I45:e T, K:4:-/ H. 
I4,2:e4)e 5, ).754/) -2:)5)579/)5/d ex658:7e 54 6752/,e7a9/54 a4d d/,,e7e49/a9/54 5, 7a9 4e:7a2 
89e3 )e228 /4 v/975 lb?O)qnzOI(!7#2014V 9a 
(3) S fhU XWP wfMT jN.+ \;8 i. 	*"(
D2BQ421 &%(uZ1y65r
Ne:7520132013
V 6a 
 
(1) Y58./3:7a A, N:3a1awa T,  da1a H, Ada)./ N, Ta3a/ Y, K:4:-/ H. Ne-a9/ve 7e-:2a9/54 5, 
3/)75RNA-132 /4 ex67e88/54 5, 8y4a69/) 6759e/48 /4 4e:754a2 d/,,e7e49/a9/54 5, e3(7y54/) 
4e:7a2 89e3 )e228. Neurochem Int. 97, 26-33. 2016 
(2) Na1a0/3a S, N:3a1awa T, Ada)./ N, Y554 HS,  da1a H,  58./3a Y, K:4:-/ H. T.e 
/4a)9/va9/54 5, ex97a)e22:2a7 8/-4a2-7e-:2a9ed 1/4a8e (y -2:)a-54-2/1e 6e69/de-1 )5497/(:9e8 95 
4e:756759e)9/54 a-a/489 5x/da9/ve 897e88. Neurosci Lett. 616, 105-110. 2016 
(3) Na1a0/3a S, N:3a1awa T, Ada)./ N,  58./3a Y,  da1a H, Y58./3:7a A, K:4:-/ H. 
Se2,-a362/,/ed BDNF 97a48)7/69/54 /8 a 7e-:2a957y 8y89e3 ,57 8y4a69/) 3a9:7a9/54 /4 ):29:7ed 
)579/)a2 4e:7548. Neurochem Int. 91, 55-61, 2015 
(4) Ada)./ N, N:3a1awa T, Na1a0/3a S, F:1:51a M, da1a H, Ka9a4:3a Y,  58./3a Y, H5.05. 
H, K:4:-/ H. G2:)5)579/)5/d a,,e)98 de4d7/9/) 97a486579 5, BDNF-)549a/4/4- ve8/)2e8. Sci Rep. 
5, 12684, 2015 
(5) Wa1a(aya8./ C, N:3a1awa T,  da1a H,  58./3a Y, K/ya3a Y, Ma4a(e T, K:4:-/ H, 
Iwa1:7a Y. IL-1 7e)e6957-a49a-54/89 (IL-1Ra) 145)15:9 3/)e 8.5w a4x/e9y-2/1e (e.av/57 (y 
a-/4-. Neurosci Lett. 599, 20-25, 2015 
(6) N:3a1awa T, Na1a0/3a S, Ya3a3595 N,  58./3a Y,  da1a H, Ha8./d5 K, Ada)./ N, K:4:-/ 
H. Ba8/) ,/(75(2a89 -75w9. ,a)957 /4d:)e8 3/R-134 :67e-:2a9/54 /4 a8975)y9e ,57 )e22 
3a9:7a9/54. Biochem Biophys Res Commun. 456, 465-470, 2015 
(7)  da1a H, A7a/ S, I45:e T, K/9a-:)./ T. Ge4e9/)a22y-e4)5ded ye225w ,2:57e8)e49 )AMP 
/4d/)a957 w/9. a4 ex6a4ded dy4a3/) 7a4-e ,57 d:a2-)5257 /3a-/4-. PLoS One. 9, e100252, 
2014 
  
 

_|sMO @LpO O2t x}e`

{:   D  u)uYD  u)uVa  DtE0
 
 
 
 
 
 
 
 
 
0 
k 
 
(8) Ka9a4:3a Y, N:3a1awa T, Ada)./ N, Ya3a3595 N,  58./3a Y,  da1a H, I45:e T, K:4:-/ 
H. P.e4)y)2/d/4e 7a6/d2y de)7ea8e8 4e:754a2 3RNA 5, (7a/4-de7/ved 4e:759756./) ,a)957. 
Synapse. 68, 257-265. 2014 
(9) N:3a1awa T, Ma98:3595 T,  58./3a Y, C./(a S, F:7:9a M, Iz:3/ A, N/453/ya-Ba(a M, 
 da1a H, Ha8./d5 K, Ada)./ N, K:4:-/ H. I36a/73e498 /4 (7a/4-de7/ved 4e:759756./) 
,a)957-/4d:)ed -2:9a3a9e 7e2ea8e /4 ):29:7ed )579/)a2 4e:7548 de7/ved ,753 7a98 w/9. /497a:9e7/4e 
-75w9. 7e9a7da9/54: 6588/(2e /4v52ve3e49 5, 8:667e88/54 5, T71B/6.586.52/6a8e C-γ a)9/va9/54. 
Neurochem Res. 39, 785-792. 2014 
 
(1) S f]. [.+ \>C G- 	I3675ve3e49 5, -e4e9/)a22y-e4)5ded ye225w 
,2:57e8)e49 )AMP /4d/)a957 ,57 d:a2-)5257 /3a-/4-
~ 37H^b9NqnO1V12014
V 11a 
 
